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jFranciS OTcIb ^eabobi* 

Franas Weld Peabodv was bom at Cambndge, Massachusetts, 
November 24, 1881, and died at the same place October 13 1927 
His ancestors were New England people of high character and dis- 
tmgmshed abihty His father was formerly a professor at Harvard 
Univefsity and later Dean of the Harvard Divinity School He re- 
ceived through inheritance a sound body and a good brain, and from 
his early environment, which was the best that this country offers, 
he undoubtedly acquired the “gentleness and unshaken adherence to 
judgments dehberately formed, indifference to outward show and 
compliment, mdustcy and assidmty," that were to disting uish him 
throughout his life 

He graduated from Harvard College m 1903, and the same year he 
entered the Harvard Medical School where he showed conspicuous 
abihty While still an undergraduate, he undertook with his teacher, 
Dr J H Pratt, the solution of a bactenological problem relatmg to 
typhoid fever, and this was published the month that he graduated, 
m the Journal of the American Medical Association Thus he began 
the practice of mvestigation and pubhcation, which he contmued to 
the very end of his life. He received the degree of Doctor of Medicme 
m 1907, and the foUowmg vear he served as interne m the Massachu- 
setts General Hospital 

Thus far he had followed the beaten path But now he departed 
from the course which at that time was almost imiversal m Amenca, 
Instead of entenng at once on the practice of his profession, he under- 
took his “Wander Jahre,” a custom which, earher at least, was frowned 
upon m Amenca, but which m Europe has for centimes been held to 
offer the greatest rewards to the student m search of an education 

He spent two years m the Johns Hopkms Medical School at Balti- 
more, first as Assistant Resident Physiaan under Dr Thayer, and 
later as Fellow m Pathology under Dr Welch In April of 1910, he 
went to Berhn and worked m the laboratory of Emil Fischer on or- 
gamc chemistry In the autumn, he returned to this country and 
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became A'=si‘;tant Resident Pin sician in the Hospital of the Rockefeller 
Institute, then newh opened He remained there for almost U\o 
\ cars, lea\ang in the spnng for another trip to Europe ^\hcre he ^^sltcd 
a number oi dimes in German}, made a short staN in Russia, and 
eiorkcd for si\ leccks on a pin siological problem in the laboratorj of 
Professor Krogh m Copenhagen 

He noil returned to Boston after an absence of o\ er four } ears He 
did not return, hor\e\er, i,\ath the idea that his education had been 
completed that his student da} s ere o\ er The Peter Bent Brigham 
Hospital had just been erected on ground adjacent to the Harvard 
Medical ‘school, and it was intended that this hospital should be 
orgamred as a medical clmic of the school Dr Peabody w as offered 
the position of Resident Ph} sician and accepted this proposal for the 
reason, as he said, that tlus new institution proaaded facilities and 
equipment and teachers that would perrmt him to continue his studies 
and inacstigations under fa\orable conditions, and also because it 
ga\ c him an opportunit} to aid m the development of a modem medi- 
cal clinic in w hicli tcaclung and research should be important func- 
tions Vt that time new ideas concerning medical education were in 
the air, and he w as one of the small group of young men in this country 
who recognized the need of de\ eloping a scientific atmosphere m the 
medical dime if the medical schools were to perform their proper 
function, and if medicine in tlus countr} was to keep abreast of that 
existing m other parts of the world 

He continued in residence at the Peter Bent Bngham Hospital for 
three }cars, working m the dmic, dcxeloping his abiht} as a teacher, 
bus} m the wards, wadcning his cxpcnencc with the maladies that 
afihct man, and increasing his s}'mpathctic understanding of those who 
‘buffer, acti\e in the laboratorv, constantl} carryang on investigations 
niin methods of prcasion, and thus extending his knowledge of the 
n'>tu''e oi disease and mcreacing his power as a man of saence Dur- 
ing all these }ears which had passed smcc graduation, he showed a 
rcmarl ■’bR spintof restraint and patience b} persisting in the course 
en' traming on v'-hich he had }ears before, voluntanh and indcpen- 
d.nib ru^ohcxl 

B tb 'C j t.ars v ere rot merely } ears of self dev elopment and selfish 
u I" o'' Inoxlixige He had been of great benefit to all the 
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patients wlio came imder his care, he had been helpful to the students 
■with whom he had been m contact, he had been useful to his umversity 
to which he was devoted, and he had been of service to humanity 
through the contributions he had aheady made to medical knowledge 
But m stdl other ways he was of service, for m 1914 he was given leave 
of absence to jom a commission of the Rockefeller Foundation which 
went to Chma to give advice regardmg the new school of mediane 
which it was proposed to create m Pekmg As the medical member of 
this commission, he undoubtedly had much influence m shapmg the 
future pohcy of the Pekmg Umon Medical Sdhool, and he was later 
made a member of the Chma Medical Board of the Rockefeller 
Foundation 

In 1915 he gave up his residence at The Peter Bent Bngham Hospi- 
tal but contmued as Physiaan to that institution, and was appomted 
Assoaate Professor of Medicme m Harvard Umversity He now 
contmued for five years to teach, to practice, and to mvestigate Dur- 
mg these years, however, there were many other professional acbvifaes. 
In 1917 he served as a member of the Amencan Red Cross Commission 
to Roumama, and later to Russia On the entry of the Umted States 
mto the war, he became a member of the Army Medical Corps and 
served m hospitals m this country, later gomg to France as Medical 
Consultant. 

In 1921 he was appomted Professor of Medicme m Harvard Um- 
versity and, at the same tune, became Director of the Thomdyke 
Memonal Laboratory In Dr Peabody’s words, this laboratory “is 
a research department of the Boston City Hospital Its estabhsh- 
ment is due to the convicbon of the Board of Trustees that the re- 
sponsibihty of the City Hospital is not hrmted to the treatment and 
care of mdividual patients, but mdudes also medical teachmg, pre- 
ventive medicme, and medical research ’’ This attitude on the part 
of the authonties of this institution marked a deaded departure from 
the traditional pohcy of Amencan mimiapal hospitals, and was of 
much significance for future medical education m this country It was 
very fittmg that the Trustees should have turned to Dr Peabody to 
undertake the direction of this new department Bnef mention can 
only be made here of the splendid manner m which he earned out the 
plans of its organization, arrangmg that its eqmpment should penmt 
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the prosecution of fundamental studies concerning disease, and gather- 
ing together for its staff a group of ^\ell trained \oung men, eager for 
research Here Dr Peabody continued his teaching and maestiga- 
tion, at the ■^ame time stimulating and aiding his co-workers Witliin 
a short time important contributions from the staff began to appear 
Dr Peabod} began his own career as an maestigator of disease by 
undertaking studies concerning tj^ihoid fe\er, the first of a\hich has 
alrcad} been mentioned Dunng his residence at the Jolins Hopkins 
Hospital, he began his studies of heart disease Pater, at the Rocke- 
feller Institute, he undertook the maestigation of problems relating 
to poliomaehtis and acute lobar pneumonia At the Peter Bent 
Bngham Hospital, he began a long senes of investigations concerning 
metabolism and the function of respiration WTule Director of the 
TTiomda ke Laboratoiy , he undertook the study of pernicious anemia 
To all the^^e subjects he made definite contributions In all of his 
studies he was obxnously interested in the application of the results to 
practice For instance, he made studies concerning the function of 
respiration which ha\c much scientific mtercst and significance, and 
lie then indicated the application of his results, he showed the impor- 
tance of a decrease in the aalal capaaty of the lungs as a factor in the 
production of d\ spnea in heart disease, and demonstrated how the 
detcnnin'>tion of the aatal capaat) could be made without difficulty 
in patients He thus introduced into dmical medicine a new method 
that has nroacfi to be of distinrt \alue 
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limited extent as practitioner, he fovmd tune to respond to many 
demands that were made upon him to give aid and counal m projects 
of importance to medicme. When the Journal of Chnical Investiga- 
tion was founded m 1924, he was made a member of the Editorial 
Board His mterest m, and sympathy with, the young men of the 
medical dimes who were makmg ongmal contributions to the saence 
of medicme, made him keenly desire that a special organ should be 
established m which theu reports might be pubhshed He was an 
active and useful member of the Board, and helped m shapmg its 
pohaes He served on the Council of the Assoaation of Amencan 
Physiuans, and was also an officer m this organizabon In 1926 he 
was made a member of the Board of Saentffic Directors of the Rocke- 
feller Institute for Medical Research 

BQs abihty and training, his upnght character, his acadermc m- 
terests, his success as a teacher and mvesbgator.made him sought after 
by a number of umversibes to imdertake the reorganisabon of theu 
departments of medicme along modem Imes He refused, however, 
to leave his own umversity, behevmg that here he could be of the 
greatest service 

At the age of forty-five, he was at the height of his usefulness With 
an ideal trainmg, full of energy and resourcefulness, all those who were 
mterested m medicme and its future looked upon him as one of its 
most able representabves, and as one upon whom would faE many of 
the responsibihbes assoaated with shapmg the development of medical 
educabon and pracbee m this country durmg the next decades 
When, therefore, m the summer of 1926 his fnends heard that, al- 
though apparently m the best of health, he was stneken with a serious 
disease, from which there was httle chance of his recovermg, they were 
shocked and dismayed, shocked that they were soon to lose a beloved 
associate, dismayed that the profession of medicme was to lose one of 
its most able defenders and promoters But no constemabon or 
apprehension was evident m Dr Peabody himself With at least 
an outward calmness and tranquihty, he faced the mevitable He 
deaded not to let the knowledge of his fate hmder him from contmumg 
his work or prevent him from leadmg his accustomed life Considera- 
bon for his family and fnends undoubtedlv influenced him m commg 
to this decision Not with a sad and sorrowful countenance, but with 
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a bright nrifl unflinching spint he continued his daiK tasks For 
o\cr a >car he continued his work, a comfort to his patients, an in- 
sjiiration to lus students and associates, a champion of the science of 
medicine, and an in'^lrument in promoting its progress 
He was not onh interested in the development of the science of 
me<hcinc, however, he understood that “the application of the pnn- 
ciplcs of science to the diagnosis and treatment of disease is onl> one 
limited aspect of medical practice ” Shortly before his death he 
wrote an essav on “The Care of the Patient,” which not only is a 
beautiful example of simple, straightforward wanting but is an exposi- 
tion of his own attitude toward his fellow men The essay closes with 
tlic cfTcctivc lines, “One of the essential qualities of the phvsiaan is 
interest in humanitj for the secret of the care of the patient is in car- 
ing lor the patient ’ And this is also one of the secrets of his own en- 
gaging personahty This Abou Ben Adhem was dev oted to his fnends, 
fond of his associates He liked people He had delightful social 
qualities and concealed a seriousness of mind and a great earnestness 
of purpose under a delightful and wanning humor He was always — 

“A squarc-set man and honest, and his c>cs, 

An out-door sign of all the warmth wathin,” 

and even during his F^t davs — 

“SmJtd with his lip^ — a smile beneath a cloud ’’ 

nir.iugh the death of Dr Pcabodv, .\mencan medicine has lost one 
o*' It' mo't able representatives, tlic r\mencan Societv for Clinical 
Invi nig'^tinn has lo=t one Us most valuable members, and this JouK> \l 
h""- lo't one of Us most important contnbutors But his life and 
f e uh V t't preaous things which all of us, and cspeciallj the >oung 
taienng ti e profess’on cannot treasure too highlv 



RELATIONSHIP OF ACUTE INFECTIONS TO GLOM- 
ERULAR NEPHRITIS* 

By W T LONGCOPE, D P O’BRIEN • J McGUIRE > 0 C HANSEN add 
E R. DENNY* 

(From Ike Medical Clime, the School Medicine, Johns Bophns Vmoersity) 
(Received for pobUcatiQn June 17, 1927) 

The etiological relationship of infections to the diffuse form of acute 
and subacute nephritis is a problem which for many years has com- 
manded attention, but has rarely received more than casuistic study 

LtShlem (a) m 1907 described m detail the early lesions of the 
glomeruh in acute glomerular nephntis, as well as the subsequent 
changes that took place m the kidney durmg the subacute and chrome 
stages of the disease Since a large proportion of his cases of acute 
and subacute nephntis occurred m patients suffering from various 
forms of infection, usually due to streptococa, he concluded that m the 
vast majonty of cases acute glomerular nephntis was the direct 
result of streptococcus infection Fahr(1912), somewhat later,pomted 
out the frequency with which acute glomerular nephntis was preceded 
or accompanied by mfeebons particularly those due to streptococa, 
while Volhard and Fahr (1914) state that m their collected cases one 
quarter of all those nephntides assoaated with infections followed 
tonsilhtis, and almost three quarters, 125 of 179, were connected with 
infections of the upper respu^itory tract Of a total of 67 cases of 
acute diffuse glomerular nephntis, 44 suffered from angma, scarlatma, 
wound infections or erysipelas In general most of the statistical 
evidence that can be obtamed (HUl (1919), BeU and Hartzell (1922), 
Kuczynski (1919a), Stolz (1925), Blackfan (1926)) tends to confirm 
the fact that streptococcus infections and espeaally tonsillitis precede 
directly or accompany the onset of a considerable number of cases 
of acute diffuse glomerular nephntis Infections due to other or- 

* Aided by a grant from the EUa Sachs Plot* Foundation for the Advancement 
of Scientific Investigation 

* Jacques Loeb Fellow m Medicine 
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pa.ni'^Tn':, such as the pneumococcus, are also recorded m this relation- 
•-hip, hut as compared to scarlatina and other streptococcus infections 
thc\ arc romparatncl} intrcqucnt 
A number of obseners, houe\cr, including Munk (1916a and b) 
ha\c not been inclined to accord much importance to the strepto- 
coccus, or other knoi\n bactena, m the etiology of acute nephritis 
'I hough rccogmnng the close relationship that is often found to exist 
bctuccn glomerular nephntis and man> forms of streptococcus infec- 
tion thc\ consider the actual cause of this form of nephntis unknowai 
\ttcmpts to produce glomerular nephritis in animals b> the injection 
of strcptococa ha\c been onlj partially' successful Ophuls (1917), 
who upholds the infectious origin of glomerular nephritis, reports 
the production of glomerular lesions in 14 of 4S rabbits injected 
intraa cnoush with cultures of streptococci KuczjTiski (a) made 
rcpcatcvl injections of streptococci into mice and bchcacd that b} 
this method he could produce glomerular lesions similar to those 
ob:cr\c<l in man Bell, Clawson and Hartzcll (1925) report the 
results of repeated injections of hcmoljtic and non-hcmol>'tic strepto- 
cocci in 14 monlcjs In two animals there developed a severe ne- 
phro'i<, m one an interstitial nephritis, while in one monkc> injected 
npf’tcdlv with cultures of Streptococcus vtndaus, there occurred 
I'l acute "lomc-ular nephntis Duval and Hibbard (1926) state 
th it thev can produce injurv to glomeruli in rabbits bj the injection 
oi (,i.rt'’in Ivtic products of Streptococcus scarlatinae 
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inflammation, it has been the idea of other observers (Schndde ( 1913) ) 
that the diffuse lesions m the glomenfli are caused by the ehmmation 
of a toxm, produced by streptococa or by other bactena m a focus 
of infection distant from the kidney 
The demonstration by Dochez (1924) and by Dick and Dick (1921a) 
that a type of hemolytic streptococcus is the cause of scarlet fever 
adds fresh incentive to mvesbgations on this problem, for the post 
scaratmal nephritis has always been considered as the prototype of 
the diffuse glomerular vanety The experiments, moreover, of 
Dick and Dick (1924b) on the elaborabon of a filterable “toxm” by 
Streptococcus scarlahme mdicate still further methods which might 
be apphcable to studies upon nephritis 
It has seemed to us important to invesbgate two phases of the 
problem, first the relabonship of acute mfecbons to the onset of glo- 
merular nephritis, and secondly the rdation of mfecbons to the prog- 
ress of nephnbs If streptococcus mfecbons of the upper respiratory 
tract, such as tonsiUitis, smusibs, etc., are directly responsible for the 
onset of glomerular nephnbs, the progress of the disease might bear 
some relabonship to the course of the mfecbon With the subsidence 
of the mfecbon and disappearance of the mfectmg organism one might 
expect recovery from the nephnbs, provided the kidney itself is not 
the seat of acbve bactenal growth, while progression of the nephnbs 
to a subacute or chrome stage might be accompanied by persistence 
or eiacerbabons of the mfecbon such as those of the upper respiratory 
tract, or at least by the contmued presence of the mfectmg organism, 
m these situabons 

With this idea m mmd it has been possible to study forty cases of 
acute or subacute glomerular nephnbs m young adults, and m twenty- 
seven of these to follow the course of the disease with some care over a 
penod varymg from a few months to four years Cases of focal 
nephnbs occumng m bactenal endocarditis were excluded 
The ages of the pabents were as shown on page 4 
Most pabents were seen withm a few days to a few weeks of the 
apparent onset of their disease while a few developed the disease under 
observabon Daily vanabons m the clmical course of the disease 
were recorded with daily observabons of the urme and blood pressure, 
frequent exammabon of the fundus ocuh, and repeated determmabons 
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of Ten'll function Cultures i\crc mndc from an> ob\nous infection 
The iccc^^T} nn'il sinuses Mere ah^a\^ examined, and we are grcatl} 
indebtetl to Dr Crowe and his staff for their assistance in this con- 
nection, and for the operatue procedures which the} ha\e performed 
on these patients ^\hcn it was not possible to detect an obaaous 
acute infection after a careful search, cultures were made b} the 
SI' ab method from the tonsils, pharv nx and naso-phai^mx, and from 
the tonsils In the pipette method used by Bloomfield and Felt} (1923) 
Cultures were repeated during the course of the disease, during con- 
aalcsccncc and after recoNcr} The swab method was employed 
to obtain cultures from the pharynx and fauces of the patients who 
were tQnsillectomi7ed The unne from patients during the acute 
and subacute stages of the disease was cultured in amounts of 1 cc 


tjf of pal trls 


Arc 

Number 

1-10 

1 

10-20 

14 

20-30 

14 

30-35 

S 

35- 

6 
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onset of acute nephritis TonsiUibs occurred m almost S3 per cent of 
the cases, while infections of the accessory nasal smuses, throat and 
respiratory tract taken together were found m 85 per cent It is 
also obvious that hemolytic streptococa prevail as a cause of these 
mfections, smce they occurred m 81^ per cent of the infections 
studied bactenologically 

The time mterval between theo nset of the acute infection and the 
onset of the nephntis varied considerably m the difierent coses and 
could not always be definitely detenmned. In one case (IV) recurring 
infections probably due to hemol3rtic streptococci of j9 type had pre- 
ceded the apparent onset of nephntis for three months In another 
case mfection of the tonsils and antra due to hemolytic streptococa 
had been almost contmuous for three months when the patient 
developed acute nephntis while under observation In other cases 


TABLE 1 

Incidtna e} acutt tnfedimt al otuti oj 40 cata oaile and luhacuU nepkrilh 


NombcT of cuei ^ 

1 

Iiifectloctt praent 

alaeot 

Nambcr 

Percrnt 

Nomber 

Percmt 

40 

34 

85 

1 

6 

IS 


the apparent mterval was not more than ten days and m some cases 
the mfection was unrecognized by the patient and was first discovered 
at the physical exammation 

In order to mvestigate the second phase of this problem an attempt 
was made to study these patients more or less contmuously over long 
penods of tune This has been accomplished with considerable 
success m 27 of the 34 patients m whom the onset of acute nephntis 
was directly preceded or accompaiued by an acute mfection 
These 27 cases have been divided mto two groups, first those who, 
as tar as can be detenmned, have recovered from the attack of acute 
nephntis, and secondly, those who still show evidence of nephntis, or 
m whom the disease has defimtely progressed or has termmated fatally 
In the first group there were 14 patients, 9 of whom had an acute 
tonsillitis due m 5 mstances to hemolytic streptococa of j3 type, and 
in one to streptococa of a type. In two mstances cultures were not 
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made during the acute attack One patient had acute tonsilhtis as- 
soaated with broncho-pneumoma due to hemolytic streptococci of 
type, two patients had broncho-pneumoma due to hemolytic strep- 
tococa, and two patient sinusitis, one due to hemolytic streptococa 



of j3 type and one to Pneumococcus type W In seven of the cases 
of tonsiUitis, tonsillectomy was performed In two of these the 
excised tonsils were obtamed for culture and showed a pure growth of 
hemolytic streptococci In the two cases of smusitis, cultures were 


LONGCOPE, O’bRIEN, UcGITmE, HANSEN AND DENNY 


13 


obtained from the antra and the ethmoidal smuses at operation 
The foUowmg abstracts and charts mdicate the course of the disease 
and the results of repeated cultures m four cases of this group 

Case I McD J , malo, white, oet 14 Admitted to the Johns Hopkins 
Hospital Febniaiy 9, 1925, complaining of bad cold and kidney “trouble ” He 
had had measles, mumps and nasal operation at 4 Three attad^ of tonsiUitis in 
2 years Two weeks before admission developed scabies, one week before ad 
mission swelhng of face, anorexia, vertigo and vomiting A few days before ad 
mission voided bloody urme Examination showed slight pallor, moderate 
edema about the eyes and face and over shins, scabies, numerous riles throughout 
both lungs Heart and abdomen normal. Blood pressure 132/95 Temperature 
99 5° Pulse 90 Albutrunuria, hematuria, and cyllndrurla. Hemoglobm 62 per 
cent Red blood cells 3,280,000, white blood cells 6,800 Wassermann reaction 
negative X ray of chest showed “extensive shadows through both lungs ” 
February 1 1, culture of sputum showed great numbers of hemolytic strep tococa of 
ff type. By February 12 the edema had disappeared, riles still persisted m the 
chest, cultures of the urme showed no growth. On February 21 cultures of 
sputum showed hemolytic streptococa stHl predominating Discharged March 4 
Has remamed well for 2 years Dunng January, February and April 1927, phyn 
cal examination showed nothmg abnormal, the urine has been normal, the blood 
pressure 110/70 and cultures from the pharynx have not shown hemolytic strep- 
tococci of /3 type. Chart I 

Summary A mfld case of acute nephritis m a boy of 14 suffering 
from broncho pneumonia due to hemolytic streptococa of p type 
There was edema of the face, transient shght hypertension, albumm- 
una, hematuria, cyhndruna, with some maease m blood non-protein 
nitrogen and decrease m phthalem excretion Rapid recovery 
In good health for 2 years and 3 months after attack, with normal 
urme, normal blood pressure, and pharynx and tonsils free from hemo- 
lytic streptococa of p type 

Case II L S , male, white, smgle, net 21, prmter Admitted to the Johns 
Hopkms Hospital February 26, 1926 complamlng of bloody urme. Measles, 
mumps and pertussis, broncho-pneumonia at 12, tonsllhtis at 17 Urethral dis- 
charge for 2 months No scarlet fever or diphtheria Severe sore throat from 
December 26, 1925 to January 3, 1926, hematuria with nausea and vomiting 
during first week m January, for three weeks before admission swelling of face 
and feet Examination showed edema of face, swollen red tonsils, enlargement 
of Bubmaxrllary lymph nodes, normal fundi, moderate hypertension (140/90, 
albummuna, hematuria cylmdruria Hemoglobm 85 pet cent, ted blood cells 
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5,440,000, white blood cells 10,040, Wassennaim reaction negative. Temperature 
98 6° Culture from tonsils shows hemolytic streptococa of /3 type By February 
10 general improvement, less edema, right fundus shows two small patches of 
exudate During following week rapid improvement February 17 tonsil- 
lectomy, cultures from excised tonsils give pure growth of hemolytic streptococa 
of /3 type February 2, temperature 102 6°, throat very sore February 22, white 
blood cells 17,520, February 24 return of edema, mcrease m red blood cells m 
urme, infection of nght nostril and purulent discharge, culture from nasal dis- 
charge gives hemolytic streptococa of type, February 28 improved, edema 


Acute Nephritis AcuteTonsUtitia 



Chart n Case H, showmg the results of urme exammations, the non- 
pro tern mtrogen of blood and phthalem excretion, the changes m systohe and 
diastohc blood pressure, the bacteriological exammations and course of the 
infection charted chronologically 

disappeared, discharge from nostnl dimmished, temperature has gradually fallen 
to 100°, white blood cells 11,120 Contmuous improvement until discharge 
April 27 with no edema, blood pressure 128/80 and no albumm, red blood cells 
or casts m urme After discharge the blood pressure rose temporarily though 
patient felt weU, and urme was normal Exammations made m November and 
December 1926 and m April 1927 have shown the patient to be normal The 
blood pressure has been 120/70, the urme has not shown albumm, red blood cells 
or casts Cultures from the throat have not shown hemolytic streptococa, smee 
November 9, 1926 Chart II 
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Summary A case of acute nephritis m a young white man with 
acute tonsillitis due to hemolytic streptococci of /3 type, moderate 
edema, h)^ertension, albummuria, hematuna and cyhndruna, transient 
changes m fundi Normal blood non-protein mtrogen and phthalem 
excretion, rapid improvement Tonsillectomy followed by infection 
of naso-pharynx and nares by hemolytic streptococa of /3 type with 
exacerbation of nephritis Transient elevation of blood pressure after 
discharge with eventual recovery In good health one year after 
attack with normal urine and blood pressure and no growth of hemo- 
lytic streptococci of jS type in pharyngeal cultures 

Case III A McC , male, white, mamed, act 23, pamter Admitted to 
Johns Hopkins Hospital August 19, 1925 complammg of pam in chest He had 
pneumonia at 2, measles, mumps and pertussis as a child, and frequent colds 
Ten days before admission epigastnc pam, frequent cough, with dark unne for 6 
days Exammation showed temperature 102°, pulse 96, aspirations 32 Acutely 
ill, enlargement of tonsils, no faaal or subcutaneous edema, signs of partial solidifi- 
cation of nght upper lobe Blood pressure 1 10/60 , albummuna, hematuna, cyhn- 
druna, white blood cells 17,000 August 2, cultures from sputum show hemolytic 
streptococa of p type, no pneumococci, blood cultures negative August 21, 
contmuous fever from 101 8° to 103 6°, tonsils acutely swollen, cultures give 
hemolytic streptococa of type August 25 patient much improved Tempera- 
ture 99° to 101° Unne culture shows no grouth September 28 throat and 
tonsils swollen, pam m back, gross hematuna September 29 tonsillectomy, 
cultures from tonsils give profuse grou th of hemolytic streptococa of (3 type Oc- 
tober 7, fundi normal, slow convalescence October 14, unne culture gave no 
growth November 28 discharged much improved December 8, mild pharyn- 
gitis, otherwise well, cultures from pharynx show hemolytic streptococa of /3 tjqie 
Has remamed well for 18 months The blood pressure has been normal, the 
unne free from albumin, casts and red blood cells, cultures from the pharynx have 
not shown hemolytic streptococa smee December 1925, except on one occasion 
when they were present m small numbers Chart HI 

Summary A case of acute nephritis m a young white man suffering 
from acute broncho-pneumonia and chronic tonsillitis due to hemo- 
lytic streptococa No edema or hypertension, blood non-protein 
mtrogen and phthalem excretion normal, albummuria, hematuna 
and cyhndruna Acute tonsilhtis due to hemolytic streptococa of 
/3 type durmg convalescence with exacerbation of nephntis Ton- 
sillectomy Gradual disappearance of blood and albumm from unne 
Recovered and m excellent health If years after attack with normal 
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unne and blood pressiue Repeated cultures from pliar 3 riix show no 
hemolytic streptococci of /3 type 

Case IV C T , female, white, smgle, aet 28 Admitted to the Johns Hophins 
Hospital March 3, 1926 complammg of swelhng about eyes Measles dunng 
childhood, diphtheria m 1916, tonsillitis m 1917, 1920, 1921 and 1922 No 
scarlatma, numerous attacks of coryza In January 1926 severe cold for 3 weeks 
March 11, sore throat with chill, headache, nausea and vormtmg, recovery m 
6 days March 26, swelhng of eyes with mommg nausea, contmumg to admission 
Exammation showed anasarca, scarred tonsils, tender submaxiUary nodes, puru- 
lent infection of nght antrum, lungs normal, cardiac impulse forceful, reduphca- 
tiOn of first sound at apev Blood pressure 160/100 Fundi normal Albumm- 
una, cyhndruna and hematuria Temperature 100°, Pulse 100, Hemoglobm 74 
per cent, red blood cells 3,872,000, white blood cells 8,400, cultures from tonsils 
show hemoljrtic streptococci of ^ type, cultures from urme no grow th April 1, 
right antrum irrigated, anasarca decreased Temperature 99 4° to 100° April S 
culture from nostrils give hemolytic streptococa of /3 type April 13 infection 
healed, temperature normal, no edema, urme contams traces of albumin, 
occasional hyalme cast and white blood cells June 3, tonsillectomy followed by 
uneventful recovery Patient has remamed well with normal urme and blood 
pressure (110/64-126/80) to May 1927 Cultures from pharynx on October 21, 
1926 and October 28, 1926 still showed moderate numbers of hemolytic strep- 
tococa of (3 type Cultures from the pharynx on March 2, 1927 showed no 
hemol 3 rtic streptococa Chart IV 

Summary A case of acute nephntis in a young white woman, 
preceded by acute tonsiUitis and accompanied by smusitis due to 
hemolytic streptococci of § type, anasarca, hypertension, albummuna, 
hematuna and cyhndruna, normal non-protem nitrogen and phthalem 
excretion Dramage of smuses Recovery from the infection and 
rapid convalescence from nephntis Tonsillectomy In excellent 
health one year later Unne and blood pressure normal Cultures 
from pharynx 4 months after attack stdl showed hemolytic strepto- 
coca of /3 type Cultures from pharynx after one year showed no 
hemolytic streptococa 

The preceding protocols and charts illustrate the course of the 
disease as it occurred m 10 of the 14 cases that have apparently 
recovered from the attack of acute nephntis Four of the 14 cases 
report themselves as bemg well, but have not been properly studied 
smee recovery Of the ten cases that have been carefully studied, 
nme or 90 per cent are free from infections of the upper respiratory 
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tract one to four years after the attacks of nephritis, and cultures 
have shown that the fauces and nasopharynx are free of the organisms 
ongmally producmg the infechon One of the ten patients has 
remained a earner of hemolytic streptococci of p type 

Durmg the convalescence from the disease m this group of patients, 
the mild exacerbations of nephntis, so frequently desenbed, were ob- 
served m several These are illustrated m the charts of cases 11 and 
rn They were observed to accompany a recrudescence or an ex- 
tension of the infection One patient suffered four such exacerbations 
of nephntis durmg a penod of six months Each exacerbation was 
related directly to the recurrence of a mild attack of tonsdhbs due to 
hemolytic streptococa of p type Removal of the tonsils has been 
followed by apparent recovery 

There is an obvious cnbcism of the results recorded in this group 
of patients It may be argued, as Addis has done, that m spite of the 
excellent health of these mdividuab the nephntis remains latent, 
unrecognizable by ordmary methods, but slowly progressive In 
order to detect abnormal elements m the urmary sediment m such 
patients Addis has devised a concentration test and beheves by this 
means that it is possible to recogmze a latent stage of the disease 
which may be present for years We have not had an opportimity 
to employ this test except m one or two mstances, but on these occa- 
sions the urmary sediment could not be differentiated from that of 
normal persons In other respects, however, it has been possible 
to confirm m detail the changes that Addis has desenbed as t akin g 
place m the character and numbers of the cells and casts of the urmary 
sediment durmg the subsidence of the acute stage of the disease, or 
durmg the progression of the acute to the chrome or termmal stage 
It may be said, however, that by the usual methods of exammation 
It has not been possible to detect evidence of disease m these patients 
who have apparently recovered Moreover the contrast between 
this group and the foUowmg is so great that there seems justification 
m making a sharp distmction between them 

The second group consists of 13 patients whose disease progressed 
to a chrome stage or to a fatal termmation The same means were 
employed when possible to eradicate the infection m these patients 
as m the first group One case of post scarlatinal nephntis with all 
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the evidences of chronic nephntis could not be followed carefully but 
IS still hving one year after the attack of scarlet fever Of the remain- 
ing 12 cases, 4 had tonsdlitis due to hemolytic streptococci of /3type, 
3 had tonsillitis and sinusitis in one case due to hemolytic strepto- 
cocci of /3 type and in 2 cases due to streptococci of a type, 2 had 
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Chart V Case V, showing the results of urine examinations, the course of 
edema, the phthalem excretion and non-protem mtrogen of the blood, the changes 
m systohc and diastohc blood pressure, the temperature curve, the results of 
bacteriological exammations and the course of infections charted chronologically 


smusitis due to hemolytic streptococci of /3 type, one had tonsilhtis due 
to hemolytic streptococa of /3 type combined with cystitis due to gono- 
coca, and one had broncho-pneumoma the cause of which was not 
dear Death occurred in this last patient, as well as m the patient 
sufiermg from gonococcal cystitis and m one case of sphenoiditis due 
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to hemolytic streptococa Autopsy obtamed m the first two cases 
showed acute and subacute diffuse glomerular nephnbs 

Tonsillectomy and adenoidectomy was performed m six cases In 
two of these, operations upon infected smuses were also performed 
In three cases the accessory nasal smuses were punctured and dramed. 
One patient refused tonsillectomy 

The foUoTJing protocols and charts are examples of the changes 
observed durmg the course of the disease, and give the results of 
bactenological examinations m this second group of 13 patients 

Case V PS, male, white, aet 35, mill worker Admitted to the Johns 
Hopkhia Hospital January 27, 1926 complaining of swelling of body Pneumonia 
three times before age of 7, double otitis media in childhood, no scariatinn or 
diphtheria. On January 23rd, sudden swelling of eyes, face and feet, temperature 
of 102 J°, cough, epistaxo, discharge from nose, dyspnea, weakness and suppression 
of urme Examination showed anasarca, subconjunctival hemorrhage on right, 
reddened pharynx, purulent discharge from ethmoidal regions, numerous rflles 
throughtout lungs, heart normal, blood pressure 180/100, acute urethritis, small 
quantities of dark urine with alhumlnuna, hematuria and cyllndruna. Hemo- 
globm 85 per cent, red blood cells 5,510,000, white blood cells 11,800, increase 
in blood non protein nitrogen to 78 mgm. per 100 cc Cultures Irom ethmoidal 
region show hemolytic streptococa of p type January 28 blood culture no growth, 
temperature 102 6°, pulse 110 Antra imgated, smuses dramed. Fundi show 
edema of retina, blurring of disc raargms and enlargement of veins Rapid im 
provement after February 4 with diuresis and disappearance of edema, fall in 
blood pressure, subsidence of sinus infection, fall m temperature to normal by 
February 10, reduction In blood non protem mtrogen to normah Discharged 
March 14 In excellent condition, without edema, blood pressure 120/80, and without 
physical ahnormahties except for slight albummura and the occasional presence 
of red blood cells, casts and many white blood cells in the urme In November 
1926 and January 1927, one year after the attack, occasional edema of the feet 
slight aHnimmuna and cyllndruna persist. Cultures from tonsils show many 
hemolytic streptococci of p type Chart V 

Summary A Case of acute nephritis in a white man assoaated with 
acute tonsJhtis and smusitis due to hemolytic streptococa of 0 type. 
Fever, anasarca, hypertension, albummiuia, hematuria and cylmdruna 
with mcrease m non protem mtrogen of the blood and shght reduction 
of phthalem excretion Rapid improvement Refused tonsillectomy, 
persistence for one year of occasional edema of feet with mild albumi- 
nuria and cylmdruna. Cultures from tonsils contmue to show hemo- 
lytic streptococci of d type m considerable numbers 
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Case VI J S , male, white, mamed, stevedore Admitted to the Johns 
Hopkms Hospital January 2, 1926 complammg of suellmg of ankles and face 
No scarlatma, tonsilhtis or diphthena Three years ago some swellmg of body for 
two weeks Tvo months ago suelhng of feet gradually mcreasmg to whole body, 
occasional cough and headache, vomited once Exaimnation showed anasarca 
with flmd m pleura and peritoneal cavities, edema of retma, enlargement of ton- 
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Chart IT Case IT, showmg the results of unne exammations, the changes m edema, 
the non-protem nitrogen of blood and phthalem excretion the changes m blood pressure, 
the results of bactenological exammations with course of mfections charted chronologically 


sds, some widenmg of cardiac dulness Pomt of maximum mtensity 12 cm to 
left m 5th space, heart soimds clear Blood pressure 195/110 Muco-purulent 
discharge from ethmoidal regions Temperature normal Hemoglobm 62 per 
cent, red blood cells 3,160,000, white blood cells 9,800 Wassermann reaction 
negative Cultures from ethmoidal regions give pure growth of streptococa of a 
tj^pe Rapid improvement with disappearance of edema by January 26 Fimdi 
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show perivasculitis and compressiou of veins by arteries February 9 tonsil 
lectomy Discharged February 21 without edema During next two months 
gradual return of edema, persistent moderate hypertension, marhed albummuna, 
cylmdruna and occasional hematuria Cultures from pharynx show great num 
bera of streptococci of a type Readmitted November 24th with acute eiacer 
bation of nephritis There was pallor anasarca, congestion and edema of naso 
pharnyi, few riles over left upper chest Increased blood pressure (1S6/94), 
retmol edema and penvascuUtis, albummuna, h e m aturia, cyllndruna Hemo- 
globm 75 per cent red blood cells 3,100,000, white blood cells 9,000, Phthalein 
10 per cent. Cultures from pharynx show great numbers of streptococci of a type 
Cultures from unne no growth By January 6, 1927 there was great improvement 
with almost complete disappearance of edema, decrease m retinal perivasculitis 
and hematuria \ ray showed polypi m right antrum, January 13, 1927 radical 
antrum operation by Dr Crowe followed by recurrence of anasarca, increased 
hematuria and nse in blood pressure to 168/104 By January 28, 1927 much 
improved, condition practically the same Os before operation Smee discharge 
has felt much better than for a year Shght pretibial edema, some Increase in 
blood pressure with albuminuria and cyllndruria persisting Cultures from 
pharynx have shown repeatedly streptococci of a type. Chart VI 

Summary A case of subacute nephritis in a young man progressmg 
to a chrome stage with repeated acute exacerbations The exacer- 
bations were accompanied by acute attacks of tonsilhtis and smusitis 
Cultures from the nasopharynx showed streptococa of a type m 
great numbers dunng both the acute exacerbations and qmescent 
penods Hypertension and increase of blood non protem mtrogen, 
with decreased phthalem output dunng the acute attacks Tonsd- 
lectomy with radical smus operation one year later Acute exacer- 
bation of nephritis following latter operaDon with rapid improvement. 
Persistence of shght edema, albummuna, cyhndruna and hyper- 
tension, but general condibon better than for a year 

Case YII L S , female white, aet. 15, student Admitted to Johns Hopkins 
Hospital December 13, 1926, coroplalnmg of swelling of face and ankles for one 
year Measles and varicella No scarlatina or diphtheria. Tonsillitis in 1922 
followed by tonsillectomy Otitis media two years ago Colds with fever every 
winter In November 1925 some swelling of ankles In January 1926, face, 
eyehds and neck swelled and was told she had kidney trouble Smee June re- 
current swellmgs of face accompanied by sore throat Examination showed 
shght pufiiness of face and edema of feet, pallor, reddenbg of pharynx, acute 
adenoiditis, systolic murmur at apex, blood pressure 136/84, edema of retina, 
olbummurla, hematuria and cybndnina Hemoglobin 78 per cent, red blood 
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Chaet vn Case VH, showing the results of unne examinations, the fluctuations of edema, the non-protem 
nitrogen of blood and phthalem excretion, the changes m systolic and diastolic blood pressure, the temperature 
curve, the results of bactenological examinations and the exacerbations of infection, charted chronologically 
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cells 3 800 000 , phthalem 55 per cent. Course m hospital dmractenied by many 
exacerbations of edema with increase m albuminuria and hematuria accompanied 
usually by fever, abdominal pam, leucocytosis of 13 000 to 17,000 One attach 
associated with acute otitis media and one attack with acute nasopharyngitis 
Tonsillectomy and adenoidectomy Cultures from exaaed adenoids and cultures 
made repeatedly from fauces and pharynx showed streptococci of a type m great 
numbers Last seen Mary 31 1927 and showed alight prebbial edema, some 
tortuosity of retmal vessels Heart dulness 9 S cm to left in Sth space, blood 
pressure 146/100, albuminuria hematuria, cyhndtuna. May 11 culture from 
pharynx gave streptococci of a type. Chart VH 

Summary A case of nephritis m a young girl, progressing from a 
subacute to chronic stage with exacerbations accompanied by re 
cumng infections of adenoids, nasopharynx and middle ear caused 
by streptococa of a type. Exacerbations of nephritis charactenzed 
by shght anasarca, fever, increased albunununa, hematuria, cylm- 
dnma and gradual maease m blood pressure Tonsillectomy and 
adenoidectomy Persistence of streptococa of a type m almost pure 
cultures m pharynx. 

The features which distmguish this second group of cases from the 
first are the persistence of defimte evidence of renal mjury for a long 
penod as illustrated by case V, or the actual progression of the disease 
to chrome nephnUs as illustrated by cases VI and VII combmed with 
a persistence of the ongmal infection or of the mfectmg organism A 
close correlation between these two conditions occurred m 10 or 
83 3 per cent of 12 cases Of the two remaining cases, one after 
tonsillectomy contmued a earner of hemolytic streptococa of d 
type for a year, when these organisms disappeared from the pharynx 
Later an mfected antrum was dramed From the pus influenza 
badlh and streptococa of a type were obtamed In the second of 
these two cases the acute attack of ncphntis was accompamed by an 
acute tonsilhtis due to hemolytic streptococa of d type Tor a year 
after tonsillectomy cultures from the pharynx have not yielded hemo 
lytic streptococa, but the patient has shown a persistent increase m 
blood pressure with some cardiac hypertrophy 

When one compares the natural history of the disease m these two 
groups. It becomes apparent that there is a relatively close correlation 
between the occurrence and persistence of infections caused usually 
by hemolytic streptococa with the onset and progress of the nephntis 
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Thougli infections due to hemolytic streptococa precede or accomp 
the onset of a large proportion of all cases, complete recovery from 
nephritis has rarely occurred unless the mfection has been ehmina 
and the mfectmg organism has disappeared Persistence or exa 
bation of the infection with the continued presence of the organ 
has, on the other hand, been the rule m the cases that have progres 
unfavorably 

It might be suggested that the difference m the course of the nep 
tis observed m these two groups depended in part or entirely upon 

TABLE 2 


Badcriology oj vifccttons occurring at onset of 34 cases of acute and subacute 
glomerular nephritis 
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Total 

34 

22 
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Of 32 cases cultured 22, or 68 7 per cent ga\ e pure or predomuiatmg grow th of h 
lytic streptococci of /3 type and 4 or 12 2 per cent of a type 


seventy of the imtial acute attack of nephntis It is probable 1 
this has some beanng upon the rapidity with which convalesce 
may take place and may m occasional mstances determme the ultm 
recovery But the attack of nephntis m some of the patients of 
first group was quite severe, whereas the imtial symptoms and 
acute phase of the nephntis m some of the patients m the second gr 
were rather mild, and it does not seem likely, therefore, that a vana 
m the seventy of the onset could m itself be responsible for s 
pronounced differences m the subsequent course as occurred m tl 
two groups of cases 
























LONGCOPE, O’bBIEN, McGDIRE, HANSEN AND DENNY 27 

The frequency with which recrudescences have occurred during the 
progress of the nephritis has been noticeable both amongst those 
patients that have recovered and those who so far have noL In the 
majonty of instances these exacerbations were related chronologically 
to rmld or severe recurrences of the infection In many mstances the 
only evidence of an exacerbation of the nephritis was the sudden 
increase m albumm, red blood cells, casts, leucocytes and epithehal 
cells m the unne, with a change m character of the cells and casts, 
and It is readily conceivable that an mdividual rmght be the subject 
of repeated exacerbations of this character without knowledge of 
them. One is tempted to suggest that this is a common mode of 
progress from the acute to the chrome stage of glomerular nephritis 

Though the facts collected suggest that the streptococcus produemg 
the infection m these cases is also the cause of the nephntis, it is not 
possible to obtain actual proof for this contention There has been 
no evidence to show that the streptococa gamed entrance to the blood 
stream, or that they were ehmmated m these cases through the kidney, 
for blood cultures m the febrile periods were always negative, and 
cultures from the unne m amounts of 1 cc. to 5 cc. have never, except 
m one mstance, shown a growth of the orgamsm encountered in the 
infections of the upper respiratory tract or elsewhere The exception 
occurred m the patient with cystitis m whom the infection was due 
to the gonococcus 

It has frequently been suggested that the toxic substances produced 
locally by the streptococa and e limin ated through the kidney rmght 
be the cause of glomerular nephntis followmg scarlatma and tonsil- 
htis, and it has seemed to us a much more probable explanation than 
that the bodies of the bacteria themselves transported to the kidneys 
set up an inflammation of the glomemh In order to determine 
whether the types of streptococci isolated from these infections rmght 
produce “toxic filtrates” similar to those denved from streptococcus 
scarlatma, the vanous strains were grown m peptone broth at a pH 
of 7 4 for 18 hours, the cultures filtered through Berkefeld “N” filters 
and 0 1 cc of the diluted filtrate tested by mtradermal mjection m 
susceptible persons An area of erjdhema exceeding 1 cm m diameter 
and appeanng after 18 to 24 hours was termed a positive reaction 
Filtrates prepared m the above manner from 18 hour growths of 
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14 strains indudmg both types of streptococci isolated from these 
mfections have all produced skin reactions in 1 to 100 dilutions or 
0 001 cc Many have given positive reactions m 0 0005 cc and 0 0001 
cc and a few m 0 00005 cc or even 0 00002 cc 

It has been shown by Trask and Blake (1924) that the urme 
collected from cases of scarlet fever durmg the acute phase of the 
illness contains a “toxm” possessing the properties of the toxic filtrate 
from the growth of Slrcptococcus scarlatinac Similar results have 
been obtamed by Birkhaug (1927) with the urme from cases of ery- 
sipelas Attempts have been made to demonstrate the presence of 
“toxms” in the urmes of our patients Intense skm reactions have 
often been obtamed with such urmes, but as albuimnous urines 
from patients other than those suffering from acute nephritis or from 
streptococcus mfections have produced similar reactions, it is obvious 
that imtil technical difficulties, occasioned probably by the presence 
of coagulable protem are overcome, it is impossible to draw any con- 
clusion as to the cause of the skin reaction 

It IS undoubtedly important to classify as accurately as possible 
the strams of streptococa isolated from these infections, in order to 
detenmne whether any of them correspond immunologicaUy to the 
more or less fixed strams of hemolytic streptococa of j3 tj^pe Work 

15 now m progress upon this problem 

SUMMARY 

” 1 The onset of acute or subacute glomerular nephntis in 40 patients 

was preceded or accompamed in 85 per cent by an acute infection such 
as tonsilhtis, smusitis, broncho-pneumoma or scarlatma 

2 Cultures made from the infections m 32 cases showed hemolytic 
streptococa of j3 type in 68 7 per cent, and streptococa of a type m 
12 2 per cent 

3 Ten cases among those that could be constantly observed re- 
covered apparently from the attack of acute nephntis In 9 of these, 
or 90 per cent, the mfection and the infecting organism have dis- 
appeared 

4 Twelve cases among those that could be constantly observed 
progressed to a chrome stage or te rmin al- ed fatally In 10 of these, or 
83 3 per cent, the mfection or the mfecting organism has persisted 
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5 No evidence could be obtained, in this study, to show that the 
streptococcus caused the glomerular nephritis by actual mvasion of 
the kidney, for blood cultures and unne cultures were negative 

6 AH the strains of the streptococa tested produced so-called 
“tone filtrates,” often of considerable potency and it seems possible 
that such “toxins” hberated by the growth of streptococa and 
ehmmated through the kidney might cause glomerular nephritis m 
patients rendered highly susceptible m some way to these toxms 
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ELLIPTICAL AND SICKLE SHAPED EUYTHPOCYTES IN 
THE CIRCULATING BLOOD OF WHITE PERSONS 
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Medlane NatfniUe, Tennessee) 

(.Rccei\«i for publication July 5, 1927) 

INTRODUCTION 

The nontiTl erythrocyte is so uniform m shape that variations from 
the normal have been widely accepted as evidence of pathological 
conditions Among the most striking of these venations are the 
changes in size and shape which occur m pemiaous anemia These 
variations do not, however, have any smgle charactenstic type but 
are of almost unlimited diversification On the other hand, there 
have been reported cases m which there were vanations m the shape 
of the red blood cells which were whoUy characteristic, and in which 
most of the abnormal cells were quite alike The most important 
entity of this type is the so called sickle cell anemia, the first case of 
which was descnbed by HemcL (1910) Numerous other cases 
have been described since then by Huck (1923) Sydenstncker (1924), 
and others, and m all of these cases the deformed erythrocytes have 
been, in general, quite similar The characteristic type of the sickle 
cell IS well known Another type of erythrocyte is the oval type which 
has been especiallj promment m the cases reported by Dresbach 
(1904, 1905), Bishop (1914), and by Huck and Bigelow (1923), respec- 
tively The type of these cells can be seen m Bishop’s illustration (fig 1) 
FmaUy, there have been seen, from tune to time, long slender cells, es- 
peaally in cases of secondary anemia These cells have been noted in 
particular by Mmot and Lee (see Plate V, preceding page 3, Nelson 
Loose leaf Livmg Mediane, Volume ItO Thus it would seem that 
the red blood cell, which under normal conditions mamtams its bi- 
concave shape with such remarkable regularity, is capable of being 
modified m shape in quite charactenstic patterns The exact nature 
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ABNORMAL RED CELLS IN ^VHITE PERSONS 


of the conditions producing these changes is not known, but a number 
of factors have been suggested as of etiological significance Disorders 
of blood formation and the presence of abnormal substances m the 
serum have been suggested as possible causes of deformed red blood 
cells Another important consideration with regard to etiology is 
the question of racial distribution Pernicious anemia is much more 
common m the white race but has been reported m negroes Sickle 
cell anemia has only been seen m negroes, and many observeis have 
felt that, m this condition, the racial element was one of great sig- 
nificance In addition to this racial distribution a familial distri- 
bution has been noted also, e g , sickle cells have been found -with 
great regularity m the families of patients having typical sickle cell 
anemia This finding of deformed erythrocytes in apparently normal 
mdividuals has opened up an important question as to whether the 
causative agent of the pathological conditions may not be, at least 
m part, a predisposition — m nature, raaal or familial, or both Cooley 
and Lee ( 1926) found sickle cells m 5 per cent of negro patients 
Sydenstricker and his coworkers (1923) have stated that they have 
foimd latent sicklmg 13 times m examining over 300 negroes 
The present mvestigation resulted from the study of a case of 
moderate anemia m a white woman, characterized by the presence 
of numerous sickle and elongated erythrocytes Unfortunately, this 
case was only studied for a very short time and many of the con- 
firmatory exammations that would have been desirable were not 
obtamed However, the case was sufficiently marked to suggest 
exammation of the patient’s family One sister, one brother and 
one mece were found to have both sickle and long, slender erythrocytes, 
while negative results were obtained m the blood of one brother and 
one sister In addition to this case, five other white patients m 
the Vanderbilt Hospital (see table 1) have been found to have sickle 
or eUiptical shaped erythrocytes, though m none of these have the 
cell changes been as marked as m the one case referred to above 
These findmgs suggested the possibility that the deformed red blood 
cells seen m the patient referred to above, and m her relatives, might 
represent a rmld form of sickle cell anemia or of some mtermediary 
condition Smce the importance of the racial factor m this form of 
anemia had been stressed, and smce the analysis of blood of normal 
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negroes had yielded the presence of sickle cells, the examination of a 
senes of normal whites and negroes was undertaken to determine 
just what e\adencc of similanty or difference could be found m this 
regard In bnef, the results obtamed mdicate that m the case of nor- 
mal mdividuals of the two races studied, there is very httle difference, 
a shghtly higher percentage of deformed cells havmg been found in 
the white than m the colored mdmduals m the cases examined 

REPORT OF CASE 

Cast 1 LBS The patient was an American bom, white woman of Spanish 
and Scotch Irish descent, 32 yean of age, who came mto the hospital comp la i nin g 
of disabiUty m walking Her health had been very good until about ten months 
before entenng the hospital She had been troubled vdth soreness of the mouth, 
and bleeding about her teeth had occurred at times for several years She had 
had hemorrhoids for about five years, these had bled once or twice every month, 
but not profusely Her menses had been profuse, and usually lasted from seven 
to nine days She was the mother of three chfkiren, the first of whom n’as still 
bom, the other two were living and well, aged 14 and 10 years Her present 
illness began about ten months before her admission to the hospital, with a re 
spiratory infection which she thought was influena Following this infection she 
felt tired and eak at intervals for about three months About four and one half 
months before admission to the ho^Ital she noticed that she could not walk as 
well as before She felt diary and there was some trembling 

Physical examination She was a pale undernourished white woman Her 
temperature, pulse and respiration were nonnaL The mucous membranes were 
slightly pale. The head showed no abnotmnUUes The tonsils were moderately 
large and embedded The neck presented no abnormahty except that the pos 
tenor cervical lymph glands were palpable. The chest was symmetneal and the 
lungs presented no abnormaUUes The heart showed no marked systobc shock 
On percussion, the borders were outlined 2 5 cm to the ngbt and 8 cm to the left 
m the fourth mtercostal space There was a soft systolic murmur at the apex, and 
m the second mtctspace on the left there was a loud blowmg systolic murmur 
At One tune m this same area a loud diastolic murmur filling the whole of diastole 
and transmitted out toward the shoulder was heard The rate and rhythm were 
normal The blood pressure was 116/70 The abdomen v. as normal m contour 
No areas of tenderness were found The liver and spleen could not be felt The 
extremities presented no abnormalities There were no leg ulcers On first 
standing, the patient fell backward to the ngbL After walkmg, she was steady 
with her feet together and there was only slight swaying on closmg the eyes 
When she was told that she was falling to the right, she did, and yet when support 
was withdrawn she steadied herself When walking she was unsteady on turning 
when near the ciammer, but when at the other end of the walk she was steady 
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The finger to finger test was performed better wnth the eyes closed than with 
them opened, hut here agam, the nght side was more at fault 

The blood The red blood cell coimt was 3,850,000 per cubic millimeter The 
white blood coimt was 8,900 per cubic millimeter Hemoglobm 45 per cent (Sahh) 
A smear stamed by Wnght’s technique showed the red blood cells to have mod- 
erate achromia There was shght anisocytosis, the average size bemg normal 
There were some small cells but no very large ones There was rarely a cell that 
was polychromatophilic The most striking findmg was the deeded tendency 
of the erythrocytes toward sausage forms The platelets w’ere apparently normal 
The differential count was polymorphonuclear ncutrophiles 64 per cent, poly- 
morphonuclear basophiles 1 per cent, lymphocytes 22 per cent, monocytes 12 per 
cent A fresh, sealed preparation was examined about one hour after it was 
taken, and the foUowmg findings were noted Most of the erythrocytes were 
fairly imiform m size Only a few small forms w ere seen and none of very large 
size From 5 to 10 per cent of the red blood cells w ere definitely sickle or sausage 
shaped, some having blunt and rounded ends, others having typical pomted ends 
All transitions from the typical sickle cell to the round normal erj'throcyte were 
seen Many of the abnormal cells had slender processes, from 1 to 10 micra m 
length, which were obviously attached to the membrane of the cells These w ere 
more marked m the crescent forms, and m addition w ere in many instances seen 
free m the plasma The polymorphonuclear neutrophiles showed a definite 
increase m motihty and contamed numerous vacuoles, which showed m many 
instances a definite hemoglobm color In many of the leucocytes, both short and 
long rod-shaped structures were seen (some m the vacuoles mentioned above and 
some elsewhere m the cytoplasm) WTiile these structures could not be identified 
absolutely as such, they seemed to be the long and short rods mentioned above, 
which had been broken off from the abnormal red blood cells No nucleated red 
cells or myelocytes were seen Many fragmented cells and shadow cells were 
present Figures 1, 2, and 3 show some of the characteristic findmgs m a stained 
blood preparation from this patient 

It IS of interest that one brother, one sister, and a niece of this 
patient gave evidence of the same peculiarities of the erythrocytes 
Hovyever, this phenomenon was not so marked among these mdi- 
viduals as it was m the patient It is unfortunate that ignorance and 
superstition on the part of the family prevented further study of 
the patient's blood and the examination of the blood of other members 
Figure 4 shows a sausage-shaped ceU foimd m the blood of one of the 
patient’s sisters The remammg five cases are grouped in table 1 
Exarmnation of this table shows that these patients represent a 
variety of pathological conditions and are of both sexes There 
does not seem to be any obvious relationship between these cases. 





■Oi'’ 



O . o o 


A 


“ o>#' 


;f=oS's 









1 4 



Fig 1 Miceophotogeaph of a Stadied Shear of the Blood from Case 1, 

LBS X 600 

Fig 2 Microphotograph of a Stained Smear of the Blood from Case 1, 

LBS X 600 

Fig 3 Microphotograph of a Stained Smear of the Blood from Case 1 

LBS X 600 

Fig 4 Microphotograph of a Fresh Sealed Preparation of the Blood 
FROM One of the Sisters of Case 1, L B S X 1000 
Fio S Microphotograph of a Fresh Sealed Preparation of the Blood 
FROM A L S (Table 1) X 1000 
Microphotograph of a Fresh Sealed Preparation of the Blood 
FROM W D A (Table 1) X 1000 
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but tbe senes is too smnll to be utibzed for any general conclusion 
regarding the type of case in which such changes may occur It is 
hoped that a larger senes of hospital cases may be examined later 
with the object of detemunmg whether these cells are found with 
any regulanty m any particular chnical entibes Figure 5 represents 
one of the cells found m a fresh sealed preparation from A L S 
Figured shows a field in a fresh sealed blood preparation from W D A 

APPARENTLY NORMAL WHITE PEOPLE SHOWING CHANGES IN RED BLOOD 
CELLS (subjects 2, 3 and 4) 

Smce elliptical and sickle shaped erythrocytes were found to be 
definitely present m white patients it seemed advisable to extend this 
study to a senes of normal white mdmduals Accordmgly, 102 
normal white adults were exammed A comparative senes of 98 
negrbes was studied also Tbe normal white subjects consisted of 
medical students of the Vanderbilt Umversity Medical School, and 
thirteen nurses of the Vanderbdt Nursmg School Three subjects 
(subjects 2, 3 and 4) who showed elongated or sickle cells were found 
In no case where these changes were found was a smgle observation 
rehed upon, but many exammations were made at varymg tunes with 
the same results on each observation 

Stiiject 2 M C The first of these individuals showing these characteristic 
cell changes was a white girl, IS years of age, a student in the School of Nursing 
She was in good general health General phyical examination was essentially 
negative There was no generahxed glandular enlargement. The spleen was 
not palpable and there was no discoloration of the sclerae A fresh sealed prep- 
aration of whole blood on December 1, 1926, showed a number of sausage forms 
and slight filamentabon without sickle shaped cells. Another fresh sealed prep- 
aration on December 2, 1926 showed a few sausage cells but no sickhng and no 
filamentntion AthirdeianimationonJanuniy25,1927,revealedsnnilarfindmgs 
On this date the other blood findings were red blood cells 4,880,000 per cubic 
millim eter, white blood cells 12,500 per cubic millimeter, hemoglobm 75 per cent. 
A smear stained by Wright’s technique at this time showed a small number of 
sausage forms No very long cells, no filamentation and no changes m the stammg 
reaction were seen There were no abnormal variations m the size of the ery 
throcytes The platelets were normal Differential count polymorphonuclear 
neutrophlles 67 per cent, polymorphonuclear eosmophiles 5 per cent, polymor- 
phonuclear basophilea 0 per cent, lymphocytes 25 per cent monocytes 3 per cent. 
Figures 7 and 8 show the typical red blood cells seen m this subject Figure 8 
shows n sausage cell which has persisted even though crenation has occurred. 



38 


ABNORMAL RED CELLS IN ^VHITE PERSONS 


Subject 3 H B MeS The second subject ■was a medical student, male, 21 
years of age, who i\ as in good health His past history revealed no chronic illness, 
nor had he ever had jaundice He had been feeling perfectly veil Nine years 
previously, for a day or tvo, his jomts had been pamful but without svelling or 
redness There was no other history of jomt symptoms He had two sisters 
hvmg and veil There was no history of senous illness among his relatives 
Careful physical exammation vas cssbntially negative There vas no jaundice, 
the spleen was not palpable, and there vas no general glandular enlargement 

The blood The red blood count vas 4,970,000 per cubic milliraeter Hemo- 
globm 80 per cent (Sahb) Smear stamed by Wnght’s technique showed the 
red blood cells to have normal stainmg charactenstics There v as no achromia 
Throughout the smear, at fairly frequent mtervals, v ere definite pencil or sausage 
shaped cells, but these did not tend to be as long as the ones seen m the fresh prep- 
aration, the longest one bemg possibly a little less than tv ice the diameter of the 
average red blood cell There v as moderate but very definite filamentation 
No true sickle cells were seen The average size of the red blood cells was normal 
but rare microcytes vere present No macrocj'tes vere seen The platelets 
were normal A fresh scaled preparation examined on November 29, 1 926, shov ed 
fairly frequent sausage forms and a fev definitely characteristic sickle cells 
There was some filamentation A second fresh scaled preparation v as exammed 
January 24, 1927, and at this time definite sausage forms vere present m fair 
abundance A few sickle cells vere also seen Moderate filamentation vas 
present On February 24, 1927, a fourth fresh preparation vas exammed vith 
essentially the same findmgs as above ictenc mdex was 6 Figure 9 illustrates 
the cells found in this subject 

Subject 4 J C McK The third mdmdual m this senes vas a medical 
student 23 years of age He was m good health There was no history of jaundice 
nor was there any history of arthntic manifestations Begmnng on the third 
or fourth day after tonsillectomy, he had bled off and on for about one week 
There was no history of bleedmg at any other time, nor was there any history of 
bleedmg m the family or among the relatives The patient had been smokmg 
somewhat excessively Physical exammation revealed irregular cardiac rhythm 
In other respects the physical findmgs were not remarkable The electrocardio- 
grams showed ventncular premature contractions This cardiac findmg vas 
apparently the result of excessive smokmg 

The blood The red blood coimt was 5,200,000 per cubic mdlimeter The v hite 
blood count was 8,600 per cubic millimeter Hemoglobm 76 per cent (Sahli) 
A blood smear stamed by Wnght’s technique showed sausage shaped cells here 
and there but no very long ones There was a rare microcyte The average 
size of the erythrocytes was normal There was very shght filamentation One 
typical sickle cell was seen Another fresh sealed preparation on January 25, 
1927, showed sausage cells at fairly frequent mtervals, one sickle cell, but no 




Flo 7 ^ricROPHOTOORAPir OF A Fresh Sealed Prepaeatiok of tttf. Blood 
FEOH SoDjECr 2, JI C. X 1000 

Fig 8 MicROPnorooRAPn of a Fresh Sealed Preparation of the Blood 
FROM Subject 2, M C X 800 

Fig 9 Microfhotograph of a Fresh Sealed Preparation of tttf. Blood 
from Subject 3, H B McS X 1000 
Fig 10 Microphotookaph of a Fresh Sealed Preparation of the Blood 
FRO it Subject 4, J C McK x 1300 
Flo 11 Miceophotograph OF A Fresh Sealed Preparation of the Blood 
FROM W P (Colored) X 1000 

Fio 12 Miceophotograph of a Fresh Sealed Preparation of the Blood 
FROM E W (Colored) X 1000 
39 
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filamentation A rare microcyte was seen Another smear examined at the 
same time sho\red essentially the same findings Icteric index was 4 Figure 
10 shoivs the type of cell found in this subject 

Inasmuch as latent sickling had been well established m cases of 
sickle cell anemia by Emmel (1917), Sydenstricker, Mulherm and 
Houseal (1923), and Huck (1923), observations were made on a fresh 
sealed preparation from subject number 3 at intervals for over three 
days, and no true increase m the abnormal cells ivas found The 
preparation was kept at room temperature In subject number 4 
there seemed to be some, but not marked increase, m the abnormal 
cells about 28 hours after the examination This preparation W'as 
also kept at room temperature There was nothing comparable m 
this respect, however, ivith the findings ivhich have been reported in 
true sickle cell anemia 

Phagocytosis was looked for m two of these subjects (subjects 2 
and 3) and none was noted These preparations ivere examined on a 
warm stage with neutral red stain 

NEGROES SHOWING CHANGES LN RED BLOOD CELLS 

The group of colored subjects consisted of Meharry Medical School 
students, 41, colored patients in Vanderbilt University Hospital, SO, 
colored employees in Vanderbilt University Hospital, 7, and colored 
visitors m Vanderbilt University Hospital, 2, a total of 100 Of 
these, five (four patients and one visitor) showed phenomena similar 
to those reported above for the normal white subjects Two of the 
patients were carefully studied and their findings are reported in 
detail below In the case of the other subjects it was impossible to 
make several examinations 

Colored patients slwtving sickling phenomena 

One of these patients, W P , was 44 years of age and had cardiac 
hypertrophy and myocardial failure as shown clinically and at the 
postmortem table The second of these patients, E W , was 45 
years of age and was suffermg principally from chronic bronchitis 
She also had syphilis and hypertension 

The blood of W P A fresh sealed preparation examined February 
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18, 1927, showed one sickle cell and an occasional sausage form 
There was nuld filamentahon Another fresh sealed preparation was 
eiarmned on February 24, 1927, and showed definite but not marked 
changes m the red blood cells Two long narrow cells were seen, one 
of these bemg nearly three tunes as long as the average diameter of 
an erythrocyte Other less pronounced sausage forms were observed 
No true sickle cells were seen There was mild filamentation A 
smear s tain ed by Wright’s te chni que, showed the red cells to be shghtly 
achromic and an occasional cell basophihc There was no stipphng 
The vanations m size were normal except that "there was a rare 
microcyte There were no macrocytes The prmapal vanation m 
shape was toward the sausage forms These were frequently found, 
were qmte characteristic, and the longest were about twice the diam- 
eter of an average red blood ceU Two sickle cells were seen There 
was mild filamentation Platelets were normal There was no evi- 
dence of phagocytosis Red blood cell count 4,023,000 per cubic 
millimeter, wlute blood cell count 6,900 per cubic millimeter, hemo- 
globm 62 to 65 per cent Ictenc mdex S On February 28, 1927, a 
fresh sealed preparation, stamed with neutral red and exanuned on a 
warm stage, showed active phagocytosis of the red blood cells by 
polymorphonuclear neutrophiles but no phagocytosis by the mono- 
cytes Figure 11 shows the type of elongated red blood ceU found 
m this patient Special examination was made for latent sickhng as 
described by Emmel (1917), Sydenstncker (1924), and Huck (1923) 
No mcrease m the deformed erythrocytes was noted on the foUowmg 
day but on the secxmd day they seemed to have mcreased, but not so 
stnkmgly as described m cases of sickle ceU anerma 

The llood ofEW A fresh sealed preparation eiammed on Febru- 
ary 18, 1927, showed occasional sausage forms No sickle cells were 
seen There was mil d filamentation A similar preparation on 
February 24, 1927, gave similar findmgs Red WckmI ceU count 
3,900,000 to 4,500,000 per cubic millimeter, white blood ceU count 
5,500 to 8,900 per cubic millimeter, hemoglobm 64 to 75 per cent 
The blood Wassermann was positive A stamed smear showed, 
shght achromia of the red blood cells There was moderate baso- 
philia There were shght variations m size, the average red ceU bemg 
normal m size. There were no microcytes There were shght 
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variations in shape, the distinct tendency being toward mild sausage 
forms, which were found fairly frequently There was mild filamenta- 
tion No stippling was present No phagocytosis was found No 
very long, slender sausage forms were seen but there was one which 
m length was about one and one-fourth times the diameter of the 
average red blood cell The platelets were abundant Reticulated 
count was two-tenths of one per cent Icteric index was 3 On 
February 28, 1927, a fresh sealed preparation stained with neutral 
red showed both pol 3 Tnorphonuclear eosinophiles and neutrophiles 
contaming ingested red blood cells Figure 12 illustrates typical 
red blood cells found in this case Latent sickling was searched for 
m this case also and no evidence of this was found on either the first 
or second day after the preparation was made There were frequent 
crenated, short, narrow cells on the day followng the taking of the 
preparation and agam on the third day 

Of the two other colored patients shovung these peculiar cells, one 
had gonorrhea and the other had tuberculous peritonitis, pulmonary 
tuberculosis and congenital syphilis 

DISCUSSION 

Smce the report by Herrick (1910) many cases of sickle cell anemia 
have been observed and carefully studied The data in the literature 
mdicate that this disease is a definite clinical entity pecuhar to the 
colored race Sydenstncker and Huck have been especially active 
m the study of this disease and a full discussion of it may be found 
m their papers From an analysis of the literature the principal 
demands for a diagnosis m so far as the blood is concerned are the 
following findings (1) The presence of sickle shaped ceUs m varymg 
numbers m fresh sealed preparations (2) “Filamentation” of the 
red blood cells (3) The presence of long narrow red blood cells m 
fresh sealed preparations (4) Phagocytosis of red blood ceUs by 
mononuclear ceUs The hterature has been remarkably free from 
any mention of the occurrence of the sickle ceUs and phagocytosis 
of red blood ceUs by mononuclear ceUs m abnormal or anemic white 
subjects 

Bishop (1914) described the blood findmgs m an Enghshman 41 
years of age In this subject about 75 per cent to 80 per cent of 
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the erythrocytes were elhptical m shape The other blood findings 
m this case were essentially negative The sister of this patient 
presented a similar blood picture Huck and Bigelow (1923) reported 
two white cases presenting blood findmgs si mil ar to those of Bishop’s 
cases Castana (1925) reported an mfant of 15 months who showed 
a large number of “gigantocytes,” the majonty of which were haU- 
moon shaped , and a few of which were sickle shaped and thread formed 
He referred mdiscnmmately to two processes which are obviously 
not closely related One of these was vacuolization of red blood cells, 
which has been descnbed by Schilhng-Torgau (1911) and Leede 
(1912) The second process was that of sickle cell anemia as de- 
scribed by Sydenstncker and others Evidently he did not recognize 
the difference m the phenomena discussed by the above authors 
His descnption leads one to believe that he has found true sicklmg 
phenomena, but his confusion of the two processes as stated above 
makes one accept this conclusion with some reservation Further- 
more, there is no speafic statement that the case reported belongs 
to the white race, though the natural assumption is that the child 
was an Itahan 

Cooley and Lee (1926) studied 400 colored patients for the presence 
of sickling phenomena and found sickle cells m 30, this number bemg 
seven and one half per cent of these cases They stated that in regard 
to the children m then positive group “m general, there was nothing 
m the illnesses, symptomatology, physical findmgs, or clinical course 
to distmguish any of these 28 children from the ordinary negro 
patient, except the presence of sickle cells ” They did not make any 
statement as to the usual number of sickle forms which they found m 
the cases reported In no case did they find any phagocytosis of the 
red blood cells by mononuclear leucocytes In regard to the degree 
of anemia m the two types of cases, they stated that ‘Svhile moderate 
anemia seems to be the nde among our colored children, there is 
practically no difference m this regard between those with and those 
without sickle cells ” Their findmgs of sickle cells represent a much 
higher percentage than previously reported 

The history of our first case descnbed m t his paper is difficult to 
evaluate The patient remained m the hospital for such a short 
time that extensive observations could not be made The neuro- 
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logical symptoms were thought, by a neurological consultant, to be 
evidence of posterior column degeneration but there was probably 
a definite hysterical element, also, as noted m the findings on physical 
exammation If there was cord degeneration, could this have been 
due to the type of anenua which the patient had? Certamly she did 
not have pernicious (Addison’s) anemia, the usual form of anemia 
with which cord changes occur 

The blood findings were of particular mterest and seem to have been 
those typically found in mild cases of sickle cell anemia, sickle- and 
sausage-shaped red blood cells, filament ation and phagocytosis bemg 
present There must be some caution in calling this sickle cell 
anenua because no evidence of negro blood could be obtained The 
familial tendency is of interest, one brother, one sister, and a niece 
presentmg similar though less marked findings Special attention 
was paid to the question of admixture of negro blood m the family 
and no evidence of this could be obtamed On the maternal side, 
the great-great-grandmother came from Spam and the great-great- 
grandfather from France The great-grandparents came to Sumner 
County, Tennessee, and the family has remained there until the 
present On the paternal side, the ancestry was Scotch-Insh, and 
the great-grandparents are thought to have settled in Virginia, the 
family later movmg to Tennessee 

Approximately 3 per cent of the normal white adults and 5 per cent 
of 100 negroes (mcludmg both normal and sick mdividuals) m this 
series showed some defomuty of the red blood cells, some of which 
seemed to be sumlar to those described in sickle cell aneima Definite 
sickle forms were seen and, in addition, both long slender sausage 
forms and filamentous forms occurred Questions naturally arise as 
to the etiological and clinical significance of these cells Some of them 
were morphologically identical with those seen in sickle cell anemia, 
although these typical sickle cells were not present in as great numbers 
as were those of the slender sausage type, and we must raise the ques- 
tion as to whether these abnormal cells, occurrmg m apparently normal 
mdividuals or m patients suffermg from some condition obviously 
unrelated to typical sickle cell anemia, have any relationship to the 
cells of true sickle cell anemia There are several observations which 
mdicate that these two types of cells have a similar if not wholly 
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identical etiologj First, m typical cases of sickle cell anemia, slender, 
elongated red blood cells are seen admixed with the typical sickle cells 
Second, in most of the mdividuals m which the sausage cells were 
found, there were also typical sickle cells Third, both types are 
characterized by the formation of slender filamentous processes which 
become free m the cytoplasm. Fourth, transitional forms have been 
seen between the two types It seems possible, therefore, that the 
etiological factors mvolved m the production of these two types of 
cells are similar 

Vanous theones have been advanced as to the etiology of the true 
sickle cell forms, but no attention has been paid to the possible relation- 
ship between the different types referred to above Emmel (1917) 
has advanced the hypothesis that the transformation of the red blood 
corpuscles mto the sickle-shaped elements is due m part at least to an 
accentuated or abnormal activity of the same factors which hi normal 
hematogenesis are mvolved m the transformation of the ongmal 
spherical erythrocytes mto biconcave disk-shaped forms Syden- 
stncker, Midherm and Houseal (1923) stated that “previous observers/ 
m the absence of pathological eiammation of the cases and of any 
etiologic agent that could be discovered, have been mdined to ascnbe 
the pecuhar poikilocytosis present m this condition to changes that 
took place in the blood after the cells reached the penpheral circula- 
tion ” These observers found cells m the marrow which thej 
descnbed as “sickle shaped, fihform and otherwise abnormal erythro- 
blasts, with erythrocytes to correspond to those vanous types,” 
and accordingly, they thought that these findings justified the con- 
clusion that sickle cells seen m the penpheral blood were not the 
result of changes that went on m the circnlation or m the splenic 
smuses, but that these cells were performed in the marrow as the 
result of some pnmary fault of erythropoiesis Huck (1923) has 
suggested the theory that the sicklmg of the red blood cells is due 
to somethmg inherent withm the cells and not to any substance m 
the serum He further thought that it might hi a surface tension 
phenomenon Graham (1924) advanced the tentative working hj- 
pothesis m regard to sickle cell anemia that the condition might 
consist m an underlymg status, determined primarily by deeply 
rooted racial characteristics and brought mto climcal evndence m 
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occasional persons through the immediate action of toxic, metabolic 
or mfectious exciting agents He stated that there was some evidence 
m favor of the streptococcus bemg the immediate causative factor 
Josephs (1927) has shown that the element responsible for sickling 
IS m the plasma, smce he has found that the abnormal erythrocytes 
of sickle ceU anemia resume their normal shapes when washed suffi- 
ciently Hahn and Gillespie (1927) have advanced evidence which 
mdicates that “sickle ceU formation m vivo is probably induced or 
mcreased by anoxemia ” They think, however, that “the only 
specific cause for active sickle cell anerma is the unique hereditary 
anomaly of the red corpuscles which predisposes to it ” However, 
the exact causative factor remains unknown 
Assummg that the factors which produce sickle and sausage ceUs 
are both identical or closely related, and smce evidence that this 
process is present m an appreciable number of otherwise normal white 
adults has been obtamed, it would seem that there may be an unknown 
factor at work even m the white race But if this is true, apparently 
there is a definitely mhibitive force present also, for were this not the 
case, with this appreciable number of subjects having this unknown 
or X factor, many outstanding cases of sickle cfeU anemia m white 
subjects should occur Are we to assume that these apparently 
normal white adults have quiescent sickle ceU anemia? Do they 
really represent the earliest form of this condition, an intermediate 
form bemg represented by the white patient (LB S )? It would 
seem possible that these mdividuals have a very mild form of the 
condition necessary for the production of sickle cell anemia That 
they will ever develop the disease is doubtful However, it may be 
that this X factor would become prominent were there to be an ad- 
mixture of white and colored bloods, that is, the factor of sickhng 
may become more promment due to the mterbreedmg This, of 
course, is highly speculative It should be noted that only one case 
of sickhng was found among the 42 apparently normal colored sub- 
jects examined The other four cases found were among colored 
patients representmg a variety of pathological conditions 

The pictiue presented m the two colored patients ( W P and E W ) 
IS very similar to that reported m the normal white adults The mam 
differences are to be found in the presence of phagocytosis, the anemia 
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(1926) and Huck (1923), had found the fragihty test particularly 
abnormal m sickle cell anemia, this test was not done 
This opportunity is taken to express appreciation for the many 
helpful suggestions of Dr Robert S Cunnmgham, who has observed 
the blood m most of the cases reported in this paper 

SUMMARY 

1 Sickle-shaped, sausage and filamentous red blood cells have 
been sho-wn to be present m some, otherwnse normal, white adults 

2 A correspondmg series of negroes has sho\vn these abnormal 
cells in approximately the same proportion (about 2 per cent) 

3 A case presenting most of the blood findings generally associated 
with sickle cell anemia has been found in a white woman 

4 The sickling phenomena have been found in certain members of 
her family 

5 Evidence of sickling of red blood cells has been foimd in 6 white 
adults and in 4 colored adults suffering with various diseases 

6 The cells of negro patients showed slight evidence of latent 
sickling and definite phagocytosis Of red blood cells by polymorphonu- 
clear neutrophiles 

7 The sickle cells m one of the colored cases did not change their 
shape on being kept at incubator temperature 
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THE EFFECT OF INSULIN, PITUITRIN AND ADRENALIN 
ON THE BLOOD-SUGAR LEVELS 
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(Received for pobUcation June 14, 1927) 

INTROD'OCnON 

In 1913, Stenstrbm (1) showed that simultaneous mjections of 
pituitiin and adrenalin prevented the development of hyperglycemia 
obtained from adrenalm mjections alone In 1923, Bum (2) con- 
firmed this observation and also showed that mjections of the posterior 
lobe of the pituitary gland inhibited the hypoglycemic action of insulin 
StenstrOm concluded that there was an antagonism between adrenalm 
and pitmtnn, and Bum, that there was an antagonism between msulm 
and extract of the posterior lobe of the pituitary gland It thus 
appears that the secretion of the pituitary gland may have a dual 
action m the regulation of the blood sugar level, helpmg to prevent 
hyperglycemia on the one hand and hypoglycemia on the other 

In this paper are reported experiments which bear out Bum’s 
conclusions m regard to the opposite effect on blood sugar of pitmtary 
extract and insulin They perhaps may help to explain the cause of 
the antagonism noted by StenstrBm and Bum between pituitary ex- 
tract and adrenalm 

METHODS 

The experiments were made upon normal rabbits The samples 
of blood were obtamed from the heart by means of a syringe and fine 
needle Dctermmations of the level of the blood sugar concentration 
were made on 1 cc blood samples accordmg to the method of Folm 
and Wu (3), Lilly's Insulm, Parke, Davis and Co 's Surgical Pitmtrm 
and H K Mulford’s Adnn (adrenalm solution 1 1000) were used 

' The expenses of thu work were m part defrayed by the Proctor Fund of the 
Harvard Medical School for the Study of Chrome Diseases 
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throughout Varying amounts of the drugs were mjected m the 
margmal ear vein of the animals m the different experiments 

RESULTS 

The cfeci of tnsuUn on ihc blood-sugar level 

So many data have been already reported m regard to the effect 
of insuhn upon the blood-sugar concentration that it is needless to 
give more than a summary of our own observations Convulsions 
from hypoglycemia were prevented by light amytal anesthesia This 



Fig 1 The Eitecx of Varving Doses of Insulin ufon Blood-Sugar 

Concentration 

The blood-sugar concentration is recorded m nulhgrams per 100 cc of blood, the 
tone interval in hours 

form of anesthesia was selected because, as first shown by Page (4), 
it has httle or no influence on blood-sugar The injection of msulm 
was mvaxiably followed by a prelimmaxy fall m the blood-sugar 
level and then by a secondary nse This effect was obtamed regard- 
less of the amoimt mjected the chief difference m effect between a 
small dose and a large dose of msulm was that when large doses were 
given the resultant hypoglycemia lasted for a longer tune than when 
small doses were employed This fact is demonstrated by the blood- 
sugar curves from three typical experiments shown m figure I \ 
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Tlie ejffcct of pilmtrtn on (he hlood-sttgar level 

Bum showed that the unjection of pituitary extract may be followed 
either by hyperglycemia or hypoglycemia. Our observations agree 




Fio n Hypoolyceuia Produced by Varyino Doses or PrrumuH 

The blood.*Dgar concentration is recorded in milhgrams per 100 cc of blood, 
the time interval m hours 



Fio hi Hyperolyceuia Produced by PrrurrEiN 

The bloo<i.suEar concentration is recorded in milligrams per 100 cc, of blood, 
the time mterval in minutes 

with his In certam of our pitmtnn experiments the injection of the 
drug was followed by hyperglycemia and in others by hypoglycemia 
Smce we wish to emphasize particularly the production of hypo- 
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glycemia after pituitrm injections, three curves illustrating this action 
are inserted in figure II 

In connection with these experiments, however, is one important 
feature which was perhaps not sufficiently stressed by Bum, but was 
emphasized by Stenstrom The tmmedtaic effect of an mtravenous 
mjection of pituitrm, always, is to produce hyperglycenua Such 
hyperglycemia may be transitory and may be overlooked unless blood 
samples are drawn at sufficiently frequent intervals after the drug 
IS mjected In figure III is recorded a sugar curve to illustrate this 
pomt 



Fig rv A Comparison of Insulin and Pitditrin Blood-Sugar Curves 

The blood-sugar concentration is recorded in milligrams per 100 cc of blood, 
the time mterval m hours 


In this experiment, had blood samples been drawn at hourly mter- 
vals mstead of at more frequent mtervals, the hyperglycemic effect 
of pitmtrm would have been overlooked and the pituitrm mjection 
would have been followed, seemmgly, by a fall m the blood-sugar 
level 

We were impressed, as was Bum, by the apparently opposite effect 
of msulm and pitmtrm The mjection of msulm was followed by a 
sharp fall m the blood-sugar concentration and a subsequent rise to 
normal the mjection of pituitrm was followed by a sharp rise m the 
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blood sugar coucentiation and a subsequent fall to normal or below 
when properly graduated doses of the two drugs were given the result- 
ant blood sugar curves were almost directly the opposite of one 
another A comparison of typical insulm and pituitrm blood-sugar 
curves is shown m figure IV 

The effect of adrenahn on the blood-sugar level 

The effect of adrenahn upon blood-sugar concentration is as well 
known as that of insulm The mjection of adrenalm is followed by an 



Fio V The Eftect or Vaiyino Doses or Adsenalin upon Blood-Scoah 

CoNCENTSATION 


The blood-sugar conceotiation i3 recorded b milligrams per 100 cc. of blood, 
the time mterval m hours 

mcreased blood-sugar concentration and then by a gradual return 
toward normal In our experience, however, the blood sugar curves 
obtamed with adrenalm were bizarre m contrast to those obtained 
with pitmtrm, bemg less regular, and the curves bemg less strikmgly 
the opposite to msulm than those obtamed with pitmtrm Illus- 
trative adrenalm curves are given m figure V 
Adrenalm hyperglycemia, too, as pomted out by Stenstrbm, usually 
lasted for a longer penod of time than the hyperglycemia obtamed with 
pitmtrm and disappeared more gradually In this way adrenalm 
hyperglycemia resembled the hyperglycerma produced from the 
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intravenous mjection of glucose and differed from that obtamed 
with pituitrm This difference between adrenalm and pituitnn 
hyperglycemia is shown in figure VI 

Docs pituitnn mohhzc umihn? 

We wondered whether the relatively rapid fall m blood-sugar 
concentration so often observed after pitmtrm injections could be due 
to the mobilization of insulin and to a different mechanism from 



Fig VI A Comparison of the Rate of Disappearance of Hyperglicemia 
Produced by PrrmTRiN, Adrenalin and Glucose 

The blood-sugar concentration is recorded m milhgrams per 100 cc of blood, 
the tune interval m minutes 

that producmg the more gradual and less regular fall in blood-sugar 
level after the mjection of adrenalin _ 

We attempted to study this point by means of transfusion experi- 
ments Twenty-five cubic centimeters of blood were removed from the 
heart of a normal animal, prevented from coagulatmg i\nth sodium 
atrate, kept at body temperature m a water bath, and slowly m- 
jected into the ear vem of a second animal Samples of blood from 
the recipient animal were withdrawn from the heart at mtervals after 
the transfusion was completed and analyzed for sugar It was 
possible to perform the transfusion on an animal under light amytal 
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anesthesia without difSculty and about twenty minutes’ tnne was 
taken to complete the mjection The result on the blood-sugar level 
of such a transfusion of normal blood is illustrated m figure VIL 
As can be seen, the transfusion was followed by a shght nse m the 
blood-sugar concentration with a gradual return to normal 
An animal was mjected with five umts of msulm and fifteen mmutes 
later 25 cc of blood was wnthdrawn from the heart, this blood bemg 
mjected mto a second animal We estunated that under these condi- 




Fio Vn Fro \TtI 

Fio vn The Errecr or Transfused Norual Blood upon Blood-Suoar 
Concentration 

The blood-tugar concentration ia recorded in milHgr aTTn per 100 cc. of blood, the 
time mtervnl m hours 

Fro ViU The ErrEcr op Transfused ‘Tnsuunized” Blood upon Blooi>- 
SuoAR Concentration 

The blood sugar concentration is recorded in milhgrama per 100 cc. of blood, 
the time interval in hours 

tions such an amount of the donor’s blood would contam approxi- 
mately one half a umt of msuhn — a quantity of msuhn suffiaent, as 
already demonstrated, to have an appreciable effect upon the blood- 
sugar level of a normal animal The result of this experiment is 
illustrated m figure VUE 

There was a shght fall in the blood-sugar concentration as a result 
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of this procedure followed by a gradual return to normal The blood- 
sugar curve was hke that obtamed with a small dose of insulin and we 
are mclmed to accept the findmg as due to the msulm content of the 
transfused blood 





Fig IX The Effect of Transfused ‘TrrurrRiNizED” Blood upon Blood- 

Sugar Concentration 

The blood-sugar concentration is recorded in milligrams per 100 cc of blood, 
the tune mterval m hours 


Fig X The Effect of Transfused “Adrenallnized” Blood upon Blood- 

Sugar Concentration 

The blood-sugar concentration is recorded m milligrams per 100 cc of blood, 
the tune mterval m hours 

Fig XI The Effect of Transfused “Glucosized” Blood upon Blood- 

Sugar Concentration 

The blood-sugar concentration is recorded m milligrams per 100 cc of blood, 
the tune mterval m hours 


An animal was injected with 0 250 cc of pitmtrm solution and an 
hour and a half later 25 cc of blood was withdrawn from the heart, 
and mjected mto a second animal This tune mterval was allowed 
to elapse after the pituitrm mjection and before the bleedmg so that 
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the blood woxdd be obtained at a tune when the blood sugar level was 
falling toward normal from the peak of the pituitrm hyperglycemia, 
and at a tune when we behevcd that if the reaction were due to msulm, 
Its presence might be demonstrated bv this method The donor’s 
blood sugar level at the tune of bleedmg was 0 09 per cent The 
result of this experiment is recorded m figure K 

There was a shght fall m the blood sugar concentration after the 
transfusion, followed by a gradual return to normal The resultant 
curve was much like that obtamed from a small dose of msulm and in 
the transfusion experiment with.“msuhnized” blood 

An animal was mjected with 0 500 cc of adrenalm solution and four 
hours later 25 cc of blood was withdrawn from the heart and mjected 
mto a second animal This tunc interval was allowed to elapse before 
the bleedmg so that the blood would be obtamed at a time when the 
blood-sugar level was faUmg toward normal from the peak of the 
adrenalm hyperglycemia and when the presence of msulm might be 
demonstrable if the fallmg blood-sugar value were due to this sub- 
stance In this experiment the donor’s blood sugar concentration 
at the time of bleedmg was 0 10 per cent The result of this expen 
ment is recorded m figure X 

Here there was a slight rise m the blood sugar concentration after 
transfusion followed by a gradual return to normal The resultant 
curve was like that obtamed when normal blood was transfused 
and did not resemble that obtamed with “msulmized” or “pitm 
trinized” blood 

Fmally, an anunal was mjected with 750 mgm of glucose and an 
hour and a half later 25 cc of blood was withdrawn from the heart 
and mjected mto a second imunal This time mterval was allowed 
to elapse before the bleedmg so that the blood would be obtamed at a 
tune when the blood sugar level was fallmg toward normal from the 
peak of the hypergl> cemia so mduced and when the presence of msulm 
might be detected if the faUmg blood sugar value were due to this 
substance In this experiment the donor’s blood-sugar concentration 
at the tune of bleedmg was 0 10 per cent The result of this experi- 
ment IS recorded m figure XL 

There was a slight rise m the blood sugar concentration after trans- 
fusion followed by a gradual return to normal The resultant curve 



60 


INSULIN, PITUITIUN, ADRENALIN AND BLOOD-SUGAR 


was like that obtained when normal or “adrenalinized” blood was 
transfused, and did not resemble that obtamed with “msuhnized” 
or “pituitrmized" blood 

It IS a question of how much importance can be attached to these 
transfusion experiments on account of theur artifiaahty Certainly, 
the inference from them is that imder the conditions stated the 
“pituitrimzed’’ blood contamed an appreciable amount of msulm and 
that the '‘adrenalmized” blood did not The hyperglycemia pro- 
duced by pituitrin seemed to disappear rapidly as the result of mob- 
ilization of msulm, Avhde the hyperglycemia produced by adrenalm 
disappeared gradually and without the assistance of an appreaable 
amount of msulm The results with "adrenalmized” and “gluco- 
sized” blood are at variance with the experiments of Zunz and La 
Barre (5) who were also mterested m the possible stimulation of msu- 
lm by hyperglyceima of vanous sorts Zunz and La Barre made trans- 
fusion experiments m dogs by anastomosis of the pancreatic vem of 
the donor to the jugular vem of the recipient ammal When the 
blood-sugar level of the donor was raised by mjection of sugar or 
adrenalm mto the saphenous vem, the blood-sugar level of the reap- 
lent animal dimimshed, a findmg which they mterpreted as due to a 
compensatory hypermsulmemia 

If it IS true as our experiments suggest, that pitmtrm hyperglycemia 
mobilizes msulm to a greater extent than does adrenalm, this may 
explam Stenstrom^s observation that extract from the postenor lobe 
of the pituitary gland when given simultaneously with adrenalm 
inhibits the development of adrenalm hyperglycemia For, if the 
mjection of pitmtrm mcreases the available msulm m a comparatively 
short space of time, one rmght expect the longer contmued hyper- 
glycemia mduced by adrenalm to be offset by such an msuhn effect of 
pitmtrm The prompt mitial hyperglycemia produced by pitmtrm 
probably explams why msulm reactions can be immediately prevented 
by this substance 

SUMMARY AND CONCLUSIONS 

This paper reports experiments m normal rabbits m regard to the 
effect of mtravenous mjections of msuhn, pituitrm and adrenalin on 
the blood-sugar level Insuhn caused a fall m blood-sugar concen- 
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tration followed by a nse to normal Pitmtrm and adrenalm caused 
a nse m blood sugar concentration followed by a fall to normal or 
below normal The blood-sugar curves obtamed with insulm and 
pituitnn were almost directly the reverse of one another Blood sugar 
curves obtamed with adrenalm were not so directly the reverse of 
those obtamed with insulm and differed from those obtained with 
pitmtrm m that the resultant hyperglycemia was of longer duration 
and subsided more gradually 

The rapid fall m blood-sugar concentration which developed 
followmg the injection of pitmtrm appeared due to a recognizable 
mcrease m the circulatmg msuhn, while the gradual fall m blood- 
sugar concentration which developed followmg the mjection of ad- 
renalm did not appear due to a significant mcrease m the circulatmg 
msuhn The basis for this conclusion hes m transfusion experiments 
The mjections of “msulmized” or “pitmtnnized” blood m an animal 
was followed by slight hypoglycemia The mjection of normal 
blood, of “adrenahzed” blood or of blood made hyperglycetmc by 
glucose m an animal was followed by shght hyperglyceima 
These experiments bear out the views of Bum m regard to the 
antagonism which exists between extract of the postenor lobe of the 
pitmtary gland and insulm, and offer a possible explanation for the 
antagonism between pitmtrm and adrenalm noted bv Stenstrbm 
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CHRONIC NEPHRITIS WITH AND WITHOUT EDEMA 
A STUDY OF CHOLESTEROL IN THESE CONDITIONS 

By FRANCIS D MURPHY 
(From Ike Medtoal Qinic of iftiwatikeo County Eospitat) 

(Received for pubbeation August S 1927) 

Many attempts have been made to correlate the chmeal symptoms 
and pathological changes m the kidney of chrome nephritis, but so 
far, no general agreement prevails concemmg the importance of 
numerous factors held partially accountable for some of the chief 
symptoms This is well illustrated m the case of edema, where many 
theories have been advanced to explam its presence, and have not 
been generally accepted, as shown by the extensive review of Loeb (1) 
Recently, considerable attention has been given to changes m the 
protem and hpoid content of the blood plasma m renal diseases es 
peciallv m cases of pure lipoid nephrosis Numerous studies have 
appeared deahng with protem changes and their relation to symptoms 
of nephntis, while comparatively few have dealt with cholesterol and 
Its assoaation with nephritis This article takes up observations 
made on a senes of cases of chronic nephntis with and without edema 
and includes a few cases of hypertensive cardiovascular disease with 
edema from heart failure The changes m the blood cholesterol, the 
presence of cholesterol esters m the unne and m the tubular epithehum 
in those conditions are espeaally dealt with To avoid confusion. 
It should be understood that no cases of pure hpoid nephrosis axe 
mcluded here The latter condition was studied and reported upon 
elsewhere (2) 

Of the thirty-one cases reported here, twenty-five had chrome 
nephntis and six were cases of hypertensive cardiovascular disease 
with edema from heart failure Of the twenty-five patients with 
chrome nephntis, fourteen were edematous, m eleven no edema ap- 
peared, seventeen died, and fourteen of these were exammed post 
mortem Three of the six patients with hypertensive cardiovascular 
disease died and were examined post mortem 
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All of the patients classed as nephritis showed extensive glomerular 
mvolvement and the tubules were diseased m varying degree, from 
cloudy swelhng to complete obhteration Chnically, all the cases of 
nephritis under consideration fulfilled the requirements for a diag- 
nosis of chronic diffuse glomerular nephritis Under older classifica- 
tions, those cases showing the edema, a heavy albuimnuna, with shght 
retention of nitrogenous products would be classed as chrome paren- 
chymatous, while those with no edema, an excessive retention of 
nitrogenous products m the blood, and a great elevation of the blood 
pressure, would be placed with the chronic mterstitial type Under 
the classification of Christian (3) many of these cases would corre- 
spond to his combmed type, chronic nephntis with edema and hyper- 
tension, the others would conform to his group chronic nephritis 
with hypertension Large and small white kidneys, mottled kidneys, 
and granular kidneys were found in this senes It seems significant 
that the edema appeared to behndependent of either glomerular m-~ 
volvement or of simple tubular degeneration The size, shape or 
color of the kidney bore no relation to the dropsy Histologically, 
all cases exhibited tubular changes but those of the group showmg 
edema were characterized by a special type of disease, namely, a hpoid 
deposit m the tubular epithehum, while those havmg no edema, had 
no hpoid deposit in the tubular epithehum 

The chief object of this paper is to show that there exists an asso- 
aation between chronic glomerular nephritis with edema on the one 
hand, and on the other, the following group of conditions an elevation 
of the blood cholesterol, deposits of hpoid material in the tubular 
epithehum and the presence of doubly refracting lipoid bodies m the 
unne As to the character of the association of the edema and the 
conditions mentioned — whether it pomts to a relationship as of cause 
and effect — even m the face of grave suspicion arismg from a study of 
the cases, prudence suggests that judgment be suspended For while 
these findmgs are present too constantly to be considered as mere 
comadence, the significance of them m connection with the presence 
or absence of edema is obscure and may be related to other factors 
whose importance in this connection is still unknown 
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COMMENT ON CASE HISTORIES AND AUTOPSY FINDINGS 

(For detailed data see tables 1, 2 and 3, and appended protocols ) 

The cases presented may be divided into three groups Group I, 
patients vnth chronic nephntia \9ith edema (table 1) , Group 11, pa- 
tients with chronic nephritis with no edema (table 2) , and Group III, 
patients with hypertensive cardiovascular disease with edema from 
heart failure (table 3) Besides the routine exammations, the blood 
cholesterol was determined and the urme exanuned for doubly re- 
fractmg hpoids m each case, and where autopsies were performed the 
tissue was exammed for doubly refractmg hpoids 

Cases tn Group I (table 1) 

There were fourteen cases m this group, rune of them died of urerma 
and five are hvmg A post mortem e xami nation was made m six 
The chief cUmcal findmgs were edema, hypertension, hematuna and 
a reduced renal function progressmg to a serious degree of renal 
msuffiaency and termmatmg m uremia Usually there was an 
elevation of blood cholesterol, although in case 12 it was subnormal 
and in case 2 it was only shghtly elevated The edema was usually 
not persistent, but came and went at irregular mtervals and was not 
influenced to a great extent by any treatment instituted Hyper- 
tension of varymg degrees was present m all cases There was some 
elevation of blood urea mtrogen m all cases, although m case 10, the 
mcrease was not great Doubly refractmg hpoids were found almost 
constantly in the unnary sediment of all cases except m case 12 where 
none was found on repeated exammation These hpoids were found 
regularly m aU the cases durmg edema free period It can be said 
that the magnitude of the edema was not matched by the number of 
doubly refractmg hpoids present m the urme It may also be stated 
that the degree of hypercholesterolemia did not parallel the amount 
of edema at all tunes There was an extensive edema m case 6 at a 
time when the blood cholesterol was less than usual Of the kidneys 
of this group examined post mortem, all had doubly refractmg hpoids 
m the renal tubular epithehum, mcludmg case 12, m which none was 
found in the urme durmg ante mortem observation The hpoids 
were found m the convoluted and straight tubules as a rule, and at 



TABLE 1 

Detailed data of cases tn Group I (chronic nephritis wit! edema) 
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cholesterol m chronic nephritis 
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tunes m the mtersUtial tissue Tissues were stained for fat and it 
should he emphasized that not all the fat was doubly refracting but 
that there was a mixture of fats present. 

At times, cases similar to those m this group are called by some, 
pure hpoid nephrosis because of the presence of edema, hypercholes- 
terolemia and doubly refractmg hpoids Confusion may arise between 
pure hpoid nephrosis and chronic glomerular nephritis with secondary 
hpoid degeneration m conditions as m case 10 Case 10 shoyred 
edema, hypercholesterolemia, doubly refractmg hpoids in the unne 
and albummuna, findin gs common to both conditions The eleva- 
tion of the blood pressure and the presence of red blood cells knd 
granular casts in the unne served to make a diagnosis of glomertilar 
nephntis WTien patients have a qmescent chronic glomcriilar 
nephntis, with albummuna and very few cellular elements, the history 
of havmg had mdicabons of glomerular nephntis previously may help 
m the differential diagnosis The hypercholesterolemia ukuallY is 
greater m pure hpoid nephrosis than m chrome glomerular hephijitis 
with secondary hpoid degeneration of the tubules Histological 
exammation of renal tissue from patients witlj pure hpoid nephrbsis 
shows the glomeruli to be practically normal and that from patients 
with chrome glomerular nephntis with secondary hpoid degenera^on 
of the tubules reveals well defined glomerular lesions The distrftu- 
tion of hpoid deposits is qmte uniform m the former condition, wmie 
m the latter there is a selective arrangement of the deposits Dewey 
(4) observed a selective localization of hpoids m the renal tubule^ m 
animals mjected with cholesterol In all the cases of Group I (with 
edema), where post mortem exammation of the kidney was made, 
the tubules showed deposits of doubly refractmg hpoids There was 
a mixture of cholesterol esters and other fats The assoaation app^rs 
to be closer between edema and deposits of hpoids m the tubules than 
between the hypercholesterolerma and edema, or the hpoids m the 
sediment and edema I 


Cases tn Group II {table Z) 

There were eleven cases m this group, and of them ten died ^d 
were exammed post mortem Climcally the cardmal signs and s}mp- 
toms of chrome glomerular nephntis were present, but m contrast to 



TABLE 2 

Detailed data of cases in Group II (chrome nepkrtlts without edema) 
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Group I, edema was absent The blood cholesterol at tunes was 
elevated although usually it was normal or subnormal No doubly 
refractmg hpoids were found in the urmary sediments These 
patients were for the most part older than those of Group I Uremia 
termmated the course of the disease in eight cases and a plastic pen- 
carditis was associated with uremia in three of them In case 19, 
edema was present that had the features of a cardiac edema, findings 
also wfere present pointing to renal disease, the post mortem and 
chmcal data mdicated that the kidneys were severely damaged and 
for that reason the case is mcluded m this group AU other cases in 
this group were free from edema Practically all of the patients had 
unrmstkkable signs and symptoms of chronic diffuse glomerular 
nephntis Cases 17 and 19 were diagnosed mahgnant hypertension 
(renal type) because of the extensive involvement of the artenoles 
and a ihistory that pointed to a long standing hypertension The 
hpoid deposits seemed not to be mfluenced by the fact that the disease 
began m the artenoles of the kidney or in the glomeruh proper Histo- 
logically, well developed chronic glomerular nephntis was found in 
all casfes exarmned The tubular epithelial cells were usually found 
to be extensively diseased but no doubly refractmg hpoids were found 
m theip In cases 15, 20 and 24, fatty material was found with fat 
stams in the tubular cells, but none of this fat was doubly refractmg 

{ Cases in Group III {table 3) 1 

Of tjie six cases m this group, two died of heart failure and one ,of 
pulmonary embohsm The three were exammed post mortetn 
These leases are included to demonstrate that the presence of eder|ia 
m this type of disease is not associated, as a rule, with doubly refract- 
mg hpoids in the urine or m the renal tubules Clmically, ederna, 
chrome hypertension, and cardiac hypertrophy were the chief features 
No do ibly refracting hpoids were found in the unne except m ca!se 
29, where a few were foimd occasionally m the urmary sedimeijit 
The blood chermcal data and renal function tests revealed less kidney 
mvolv^ment than m the first and second groups There was |io 
hyperqholesterolemia By comparmg the results of polanscopic 
exammation of the urme and renal tissues of this group with Group 
I, it IS seen that here doubly refractmg hpoids were practically always 
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absent (except case 29), while they were constantly present in Group 
I At post mortem examination, the chief changes in the kidneys 
were lesions involving the smallest artenoles and an mterstitial fi- 
brosis The glomeruh were also diseased but not so uniformly nor 
so extensively as m Groups I and 11 Some glomeruh were found 
hyalinized and there was a moderate amount of capsular fibrosis 
Many glomeruh were enlarged and others appeared normal The 
tubular epithelial cells were found to be considerably less involved 
than those m the other groups The diagnosis of this group depended 
more upon the clinical history, the renal fimction tests and the blood 
chemistry than on the histological exammation Usually these 
patients gave a history of having had hypertension with little or no 
albuminuria for years In case 31, fatty matenal was found, but 
none of it was doubly refracting None of the other kidneys of the 
group examined showed fat of any kind in the renal parenchyma 

THE POLARIZING 3UICROSCOPE 

The use of the polarizing microscope in the differentiation of certain 
fatty substances was introduced in 1858 by a German physician, 
Mettenheimer (5) He called attention to the anisotropic nature of 
certain fatty substances then called myehns Mettenheimer pub- 
hshed his observations in an obscure medical pubhcation that soon 
passed out of existence, and along with it went Mettenheimer’s ob- 
servations The work of Kaiserhng and Orgler (6) brought about 
renewed mterest in the doubly refracting phenomenon of certam fats 
and smce that time, the polaromicroscope has been in common use 
in Germany Adami (7) in 1906 emphasized the importance of this 
instrument in studying pathological fatty changes At that time 
Adami felt that it was very useful m pathology, and that its value 
was imderrated Although the polarizing microscope was utilized 
to advantage by a few mvestigators in Europe, the use of it has not 
been widespread especially m America and England Boyd (8) 
recently contended that the polaromicroscope has not received the 
recognition that it merits in biological work He beheves it is abso- 
lutely essential m researches upon hpoids, and that it is remarkable 
that it has not come into more general use Although other methods 
of differentiatmg cholesterol esters from other fats are used, the doubly 
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refracting phenomenon probably will always occupy an important 
place in such work, because of the srmphaty of its recogmtion with 
the polarizing microscope For the past two years, m coimection with 
the work presented here, the polotomicroscope has been used routmely 
m eiamimng kidney tissue removed or at autopsy Unnary sedi- 
ment, from all patients with any form of renal disease or heart dis- 
ease, was eiamined routmely by this method Despite the fact that 
the exact status of hpoids m Bnght’s Disease is not completely es- 
tablished, enough has been learned to msure them a place m clmical 
and research work of the future Contrary to the general conception 
about it, the polarormcroscope is a simple device, and it seems that it 
IS very useful m the clmical study of nephritis In view of the fact 
that many particles m urmary sediment and m tissues are seen to 
shme bnghdy with the polanscope, it is better in diagnosis to rely 
upon the presence of the maltese crosses rather than upon the findmgs 
of partides with peculiar shades of brightness 

DiscnssiON 

Why some cases of chronic glomerular nephntis have edema and 
others do not is an unsolved problem at present Tubular degenera- 
tion IS a part of the picture m all cases of diffuse glomerular nephntis 
It 18 fair to assume that the gloraeruh have been mvolved m so many 
cases of nephntis without edema, that they cannot be considered as 
the chief element m the cause of the edema. This would seem to 
be true, likewise, with the tubules, whose extensive mvolvement at 
times IS not assoaated with edema Opimons at present vary 
concemmg the significance of chloride retention, plasma protein reduc- 
tion and changes m the hydrophihc forces of the body coUoids Choles- 
terol, too, has been studied m a measure, dmicaUy and experiment- 
ally, to dcterrmne its place m relation to the edema of nephntis Port 
(9) was among the first to report a hypercholesteroleima m Some case 
of chronic nephntis with edema At about the same time Chauffard, 
Laroche and Gngaut (10) compared the cholesterol content of the 
blood m cases of cardiac and renal edema, and found an excess of 
cholesterol m blood of patients with nephntis and edema, while a 
normal amount was found in those with cardiac edema They also 
stated that they studied six patients with chronic nephntisbut edema 
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free, whose nitrogen in the blood was greatly elevated and the choles- 
terol content of blood was normal or only slightly raised In those 
patients where edema was most extensive, the cholesterol of the blood 
varied from 285 to 800 rmlhgrams per 100 cc They concluded that 
the patients who had the greatest nitrogen retention had the lowest 
cholesterol content m the blood In addition to the observations on 
the quantities of blood cholesterol in nephntics, Kaiserling and Orgler, 
(6) drew attention to doubly refracting hpoids m kidneys of patients 
with amyloid disease Later, Adami and Aschoff (11) proved that 
the doubly refracting globules, previously called myelin by Vnchow 
(12) were, m fact, cholesterol esters Munk (13) wlule studymg the 
mfluence of anisotropic lipoids in kidney diseases, pomted out the 
importance of findmg them in the mmary sediment He believed 
the presence of hpoids indicated a poor prognosis More recently 
Munk (14) studied the significance of hpoid in filtration and tubular 
degeneration The hypercholesterolemia, in his opinion, is any 
expression of abnormal metabohsm, and the tubular cell changes are 
secondary to constitutional alterations and changes in the blood 
itself It IS his behef that the kidneys are injured during the process 
of excretion of cholesterol subsequent to a hypercholesterolemia 

Epstem (15) states that the hypercholesterolemia is a change de- 
pendent upon a metabohc disorder of thyroid origm He does not 
take up the question of hpoids in urmary sediment and m the tubular 
epithelium 

That cholesterol by itself m excessive quantities may be sufficient 
to mjure and destroy tubular epithehum was shown by Dewey (4), 
who mjected cholesterol intravenously into rabbits and caused hpoids 
to be deposited m the epithehal cells of the tubules 

On the relationship of nephritis to cholesterol metabohsm Kollert 
and Fmger (16) foimd that a hypercholesterolemia was not indicative 
of a defective excretory power of the kidney, because m cases where a 
reduction in kidney was present, a hypercholesterolerma did not 
follow They suggested that the increase m the blood cholesterol is 
due to a change m the function of the liver which is secretmg bile low 
m cholesterol content In relation to edema, these authors beheve 
that with the excretion of cholesterol by the kidney, the edema disap- 
pears and that the edema returns when the hpoids again are not ex- 
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creted Stepp (17) considermg the hypercholesterolemia m cases of 
Bnght's disease, suggested that m the nephritic conditions the choles- 
terol ongmates from fatty degeneration of the kidney, but be could 
not substantiate this opmion Stepp earned out a study on the re- 
lation of blood cholesterol to different forms of Bnght’s disease He 
made no report of polaromicroscopic examination of the unnary sedi 
ment or of the kidney tissues Out of his 47 cases of acute and chrome 
Bnght’s disease, twelve died, and seven were examined post mortem. 
Those that showed a hypercholesterolemia had large smooth kidneys, 
with excessive disease of the tubular epithehum and marked edema 
Kahn (18) found that the cholesterol was not mvanably mcreased m 
parenchymatous nephntis although it was mcreased at times m 
chrome interstitial nephntis 

It was the opmion of Henes (19) that the quantity of blood choles- 
terol could be used as a prognostic mdex, that a hypercholesterolemia 
was found m cases when the outlook was favorable, and a low choles 
terol content when the prognosis was less favorable 

In a studj of the hpoids m renal diseases, Darnels (20) found that 
the cholesterol of the blood was elevated m five out of seven cases of 
so-called chronic parenchymatous nephntis Eleven other cases of 
vanous diseases of the kidney manifested no mcrease in blood choles- 
terol He made no report of the presence or absence of unnary 
hpoids, but mentioned two cases m which hpoids were found m the 
tubules of sections removed from the kidney at time of decapsulabon 
Interesting also, was his observation that m only one case was there 
a decrease in blood cholesterol, when the urea nitrogen became ele 
vated Under the term “myehn kidney” M’Nee (21) desenbed 
three cases, aU of which showed glomerular nephntis with deposits of 
doubly refractmg hpoids m the kidney tissues Edema was noted 
m two cases but not mentioned m the other He found that most of 
the hpoid substance was deposited m the interstitial tissue of the 
cortex A smaller quantity was found m the epithelial cells of the 
convoluted tubules 

In a recent article, Lowenthal (22) considered dmically and ex- 
perimentally the connection between blood cholesterol, blood protems, 
and water balance It seemed to him that the retention of hpoids 
paralleled the formation of edema and that the excretion of hpoids 
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paralleled the excretion of water With the retention of water and 
the hypercholesterolemia, a decrease m the serum proteins was found 
Lowenthal, by feeding animals cholesterol, was able to produce a 
hypercholesterolemia with histological changes in the kidney tubules 
similar to those found in hpoid nephrosis in humans He did not 
investigate whether or not a true hydremia was induced, although 
he says that he did not cause edema He concludes that a hyper- 
cholesterolemia is caused by a pnmary change in hpoid metabohsm 
and that there is consequently a deposit of hpoids in the renal tubular 
epithelium He pomted out that the relationship between salt, 
protein, cholesterol and water balance has to be worked out as a 
future problem 

These findings were in conformity with those of Heilig and Lederer 
(23) who found a relative and absolute increase in the blood cholesterol 
in cases of nephritic edema, and that the degree of edema paralleled 
the height of the blood cholesterol After a study of one hundred cases 
of nephritis, Bing and Heckscher (24) reported that the edema was 
associated with an elevation of the blood hpoids They furthermore 
claimed that an increase of the fat m food leads to an mcrease m 
hperma with a consequent mcrease of the edema 

In connection with this association of hpoid degeneration of the 
tubular epithehum, hypercholesterolerma and edema, Fahr (25) con- 
cludes that the kidney is not primarily at fault For the development 
of edema, he believes certam alterations of the capdlanes of the skin 
are necessary, that on the other hand the formation of an edema in 
nephritic cases shows a quite definite relationship to the mcreased 
deposits of cholesterol, and furthermore the reticulo-endothelial 
apparatus, and also that of the subcutaneous tissues, participates m 
cholesterol metabohsm Hence the conclusion that hypercholesterol- 
emia and the cholesterol infiltration of the kidneys are expressions of 
those disturbances which produce alterations in the capillary walls of 
the skin and of the subcutaneous tissue and that edema occurs only 
after these alterations While he holds that the glomerular change 
IS always present, but that this is not suffiaent in itself to produce 
the extensive edemas found, he points out that the tubules themselves 
are not solely responsible, smce extensive tubular degeneration may 
occur without manifestations of edema and therefore he thinks that 
some extra-renal factor must be present 
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Cholesterol esters have been found deposited m the epithehal cells 
of the renal tubules by Weltmann and Biach (26) after they had fed 
a rabbit one gram doses of cholesterol daily for twenty-five days 
Uranium nitrate was mjected mtra-pentoneally during the last seven 
days of the experiment Control eiqienments without feedmg choles 
terol, but with mjections of uramum nitrate, resulted in no lipoid 
deposits 

Chalatow (27) has shown that cholesterol esters are deposited in 
cells which have been mjured, especially when aad products are 
formed m cells, and this causes the cholesterol esters to be deposited 
He also found that a hypercholesterolemia could be produced m ani- 
mals but that this m itself was not followed by cell infiltration When 
the cells were poisoned, a very shght nse m cholesterol in the blood 
caused deposits of cholesterol ester m the mjured cells 

A study of the assoaation of giomerulo tubular nephritis and ne- 
phrosis with edema was reported by Linder, Lundsgaard and Van 
Slyke (28) They dealt especially with the protem content of the 
plasma and its beating on edema It was concluded that there is no 
direct relationship of cause and effect between low protein concentra- 
tion in the plasma and the presence and degree of edema Further- 
more, they pomted out that while fatty degeneration of the tubules is 
a conspicuous feature of the histological picture m nephrosis, and m 
nephrotic type of glomerular nephritis, it was found also m the tubules 
of those cases where httle edema was found They do not state, 
however, whether or not they differentiated between the doubly 
refractmg hpoids and neutral fats It would seem that had the unne 
been examined for doubly refracting hpoids m their cases of glomerular 
nephntis with nephrosis many would have been found 

In an article deahng with the pathology of nephntis assoaated 
with edema. Dyke (29) reported six cases of the type called by him 
chronic parenchymatous nephntis Clmically, all were characterized 
by edema, histologically, by the presence of doubly refracting fat m 
the tubular epithelium The glomeruli were impaired m all of the 
cases, in some only a degenerative change with deposition of fat was 
seen, m some inflammatory signs were present and m others an amy- 
loid degeneration was found He called attention to the fact that 
It was not the degeneration of the tubular epithelium itself but the 
occurrence of lipoid deposits m them, that was of importance 
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The subject of relationship between hpoid degeneration of the 
tubules, hypercholesterolemia and edema is treated m an article by 
Bennet, Davies, and Dodds (30) They foimd that cases of renal 
edema, without hj^ercholesterolemia are conspicuously absent and 
they doubt whether such a condition occurs imless the edema is 
secondary to a fading heart Among the unsolved problems, these 
authors included the sigmficance of h 3 fpercholesterolemia to the edema 
m lipoid nephrosis, questionmg whether it appears at the onset or 
follows a prolonged course of albummuna 

It has been assumed usually, that the edemas of nephritis and 
nephrosis differ both m composition and pathogenesis Epstem (31) 
has shown that the edema flmd of nephrosis is low m protem, whde 
that of glomerular nephritis has a high protem content He attnb- 
utes the edema of glomerular nephritis to an mcrease of capillary 
pressure with mcreased filtration The edema of nephrosis, he 
beheves, is caused by a loss of plasma protem which is followed by an 
upsettmg of the osmotic eqmlibnum between the blood and tissues 
which results m retention of water m the tissues 

It has been questioned whether the combination of chronic glomeru- 
lar nephritis with secondary hpoid degeneration of the tubules in 
these cases constitutes an acadental association of two different dis- 
eases, or whether one is the residt of the other It has been empha- 
sized by Elwyn (32) that the frequency of the occurrence of the com- 
bmation of the two conditions seems too uniform to be accounted for 
by mere comcidence The question that remams is why do some cases 
of glomerular nephritis remam free from hpoid changes and others 
exhibit them? While it is seen that attempts have been made to 
show paraUehsm between hjqiercholesteroleima and edema, the results 
have not been conclusive Observations m this senes of cases indi- 
cate that edema comes and goes irrespective of the height of blood 
cholesterol 

In the discussion of cases it is seen that patients may have a hyper- 
cholesterolemia with no edema and no doubly refractmg hpoids in 
the urme Chronic nephntic edema has been found to be mvanably 
assoaated with a deposition of doubly refractmg hpoids m renal 
tubules That the co-existence of these symptoms and the deposi- 
tion of cholesterol esters m the tubular epithehum is mere comadence. 
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seems untenable because of the constancy of their relationship m 
cases of chrome nephritis with and without edema 

One 1 ? led to conclude that it is neither the elevation of cholesterol 
m the blood alone nor the disease of the tubular epithelium alone, 
that exerts an influence upon the mechamsm of edema production, 
but that the combmation of diseased tubular cells and the presence 
m these cells of cholesterol esters, is the factor which seems to be 
connected with edema formation 

The histo-chemical analysis of the fatty substances of anisotropic 
character which I have mentioned and but bnefly discussed has been 
ormtted from this paper and is reserved for future detailed mvestiga- 
tion This chmeal study is bemg contmued and experimental m- 
vestigation is bemg made of the problems here suggested 

StruMARV 

1 Thirty-one cases have been abstracted and discussed, fourteen 
had chronic glomerular nephritis with edema, eleven had chrome 
glomerular nephntis without edema, while six were cases of hyper- 
tensive cardiovascular disease with edema from cardiac failure The 
cases are classed mto three groups and the characteristic features of 
each group are discussed 

2 Emphasis has been laid on the fact that the presence of doubly 
refractmg hpoids found m renal tubular epithehum and m the urmary 
sediment is assoaated with chrome nqihntis and edema 

3 It was pomted out that doubly refractmg hpoids were rarely 
found in the urmary sediment of patients with hypertensive cardio- 
vascular disease with edema from cardiac failure (Group ITT) 

4 None of the patients havmg nephntis without edema had doubly 
refractmg hpoids m the unne and m none were they found m the 
tubular epithehum at autopsy 

5 A hypercholesterolenua was usually found m the cases of chronic 
nephntis with edema (Group I), while those cases of chronic nephntis 
without edema (Group II) and of hypertensive cardiovascular disease 
(Group ill) usually had a normal cholesterolemia 

6 A chronic diffuse glomerular nephntis was present m all the cases 
of chrome nephntis desenbed 

7 A review of some of the work done both chmcaUy and expen- 
mentally upon the subject of cholesterol and nephntis is given 
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8 No theones have been advanced to explain these clinical obser- 
vations as the chnical study is being continued and an experimental 
investigation is being made 
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ABSTRACTS OF CASES HISTORIES AND AUTOPSY FINDINGS 

Group i Patiekts \vith Chronic Nephritis and Edema 

Cose I J K , a white male laborer aged 50, entered the hospital on June 1, 
1926, with the following history He hod alwa>'s been m good health until about 
January 1, 1926, when he began to have severe morning headaches and his legs 
began to swell The swelling varied m intensity but never entirely disappeared 
On admission he was generally edematous The heart was normal The blood 
pressure was 180/110 Fundus examination Optic neuntls in both eyes, discs 
swollen, hemorrhagic spots, atrophic areas about macula Vessels tortuous The 
function of the kidney was greatly reduced Doubly refracting lipoids were found 
in the unnary sediment On July 2, uremia set in and he died the next day 
Diagnosis Chronic diffuse glomerular nephritis with secondary lipoid degenera 
tion of the tubules 

Cose 2 F P , aged 40 was admitted to the hospital on January 16, 1927 , with 
the following complamt. Six weeks before, his face and legs became swollen to 
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such a degree that he was forced to quit his work The blood pressure was 260/ 
154 Aside from a moderate enlargement, the heart was normal The lungs were 
normal, considerable ascites was present, the hver was palpable but not painful 
and the scrotal sac was filled with fluid A few doubly refracting hpoids were 
found The renal function was greatly reduced Ophthalmoscopic exammation 
Discs markedly swollen and edematous Retma had many hemorrhages Vems 
were very tortuous and distended, it was impossible to see vessels throughout their 
course due to edema of retma This patient left the hospital on the fourth day 
after entrance 

Diagnosis Chronic diffuse glomerular nephritis, with secondary lipoid de- 
generation of the tubules 

Case 3 S C , a negress, aged 24, entered the hospital on July 14, 1926, com- 
plammg of sore throat, violent headache, nausea, vomiting and dyspnea She 
had had an attack of tonsilhtis m 1922 after which edema, headache and bloody 
unne developed, and she was confined to bed for seven weeks About July 19, 
1926, she had another attack of sore throat, agam followed by edema, vomitmg 
and the other symptoms Physical exammation She was well developed, con- 
siderably swollen, qmte stuporous, and had a blood pressure of 210/130 Many 
doubly refractmg lipoids were found m the urmary sediment The renal function 
was reduced to a very low level She went mto uremic coma and died on August 
10, 1926 Autopsy findmgs A pair of white, coarsely granular kidneys were 
found, the right one weighing 56 grams, the left 75 grams The capsule was ad- 
herent to the cortex and stnpped with difliculty The cortex was thinned The 
cortex and columns of Bertmi were pale with a tmge of yellow similar to that seen 
m pure hpoid nephrosis The peripelvic fat was less than normal On micro- 
scopic exammation many glomeruli were completely obliterated, others were 
partially destroyed by fibrous tissue proliferations Extensive fibrosis was seen 
In some areas there was an mcrease of cells, with exudate m the capsular spaces 
With fat stams large quantities of fat were found m the tubular epithelium of the 
convoluted tubules and m the mterstitial tissue Some of the fat was anisotropic 
The tubular epithelium was universally degenerated 

Diagnosis Chronic diffuse glomerular nephritis with secondary lipoid degenera- 
tion of the tubules 

Case 4 F W , a white male, aged36, a salesman, was seen for the first tune on 
Apnl 3 , 1926 His chief complamts, general edema and headaches, were of several 
months standmg There was considerable edema of the entire body The heart’s 
action was normal The blood pressure was 230/140 On polanscopic examma- 
tion many doubly refractmg hpoids were found m the urme 

Diagnosis Chronic diffuse glomerular nephritis with secondary hpoid degen- 
eration of the tubules 
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Case 5 F S , aged 34, a foreman in a factory, was first seen on May 9, 1926 
He complained of generalized dropsy, severe oonpital headaches, and cpistaxis 
for the past three months At the age of 19, he had an attack of scarlet fever, 
followed by acute glomerular nephritis, symptoms of which lasted for four months 
He was quite well until three months before commg under observation Physical 
examination There was a generalized anasarca The heart was enlarged to left 
The blood pressure was 208/130 dunng the time he was under treatment On 
every examination many doubly refracting lipoids were found in the unne Renal 
function was greatly impaired He died m premia on June 14, 1926 Autopsy 
findings The heart weighed 420 grams There was a left ventncular hypertrophy 
Both kidneys were larger than normal, the right one weighed 185 grams, the left 
163 grams Both were pale, the surfaces were mottled On section the cortex 
was foimd thicker than normal and presented a fatty appearance, not unlike that 
seen in pure nephrotic cases The capsule stripped easily though in places it was 
adherent to the cortex* Microscopically A considerable mcreaso in the fibrous 
tissue was found Practically every glomerulus showed signs of Inflammafaoni 
Hyalin neaosis of many capillary loops was found The epithelial cells lining 
the convoluted tubules were swollen and many had undergone disintegration 
\Vith Scharlach R, large quantities of fatty material were fonnd m the epithelial 
cells of the tubules, espeoally of the distal convoluted tubules Some of this fat 
was found to be doubly refracting 

Diagnosis Chronic diffuse glomerular ncphntis with secondary lipoid de 
generation of the tubules 

Cased S S ,awhite female, aged 23,was seen forthc first time on October 4, 
1926 The chief complaints were swelling of the face and ankles and shortness of 
breath On Sqitcmber 1, 1926, she began to have edema of the ankles and head 
ache* Physical examination The edema about the eyes and ankles was well 
developed* The pulse was tegular and full and the radial vessels were not thick 
ened The heart and lungs were normaL The blood pressure was 170/105 
Doubly refracting lipoids were constantly present in the unne* Renal function 
was slightly decreased 

Diagnosis Chronic diffuse ^meruiar ncphntis with secondary bpoid degenera- 
tion of the tubules 

Case 7 F K*, a white male, laborer, aged 39, entered the hospital on June 30, 
1925 Two months previous to entrance for the first time m his life he had swell 
mg of the face and ankles The edema gradually progressed to general anas- 
arca* Theheartandlungs were normal, the blood pressure was 185/110 Doubly 
refracting lipoids were found in the unnaiy sediment Renal function was 
seriously impaired There was no remission m the course of the disease, and on 
July 23, 1925 he died in uremic coma 

Diagnosis Chronic glomerular nephritis with secondary lipoid degeneration 
of the tubules 
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Case 8 J D , a boy aged 13, entered the hospital on November 6, 1925, with 
the foUowmg history About two weeks before entrance a sore throat developed 
with swellmg of the lymph glands on both sides of the neck After two weeks 
edema of the face was noticed Withm a few days there was a general anasarca 
The blood pressure was 118/60 Renal function was shghtly reduced Many 
doubly refractmg lipoids were found m the unnary sediment The edema disap- 
peared gradually, the unne continually showed doubly refracting hpoids For 
the two years that this patient has been under constant supervision, doubly re- 
fractmg lipoids have always been present in the unne At intervals the edema 
was developed with other findings of glomerular nephntis 

Diagnosis Chronic glomerular nephntis with secondary hpoid degeneration 
of the tubules 

Case 9 S W , a white male, aged 42, laborer, was admitted to the hospital 
for the last time on December 4, 1925 He had been m the hospital a number of 
times smee 1923 Chief complamt For the past four months he had been suffer- 
mg from shortness of breath, pam m the back, headache and dropsy The dyspnea 
came and went, the edema, though it fluctuated m mtensity, persisted through- 
out the illness The past history was imrmpiortant The blood pressure was 
210/140 The heart was greatly enlarged Renal function was moderately re- 
duced, a hypercholesterolemia was present Autopsy findmgs The heart weighed 
728 grams, the left ventncle was unusually hypertrophied The valves were 
practically normal Slight sclerosis of the aorta around the coronary ostia was 
present but the lununa were patent Flmd was found m the pericardial, pen- 
toneal, and pleural cavities, general anasarca was present Both kidneys were 
slightly smaller than normal and red m color The nght weighed 135 grams the 
left 129 grams The capsule stnpped with ease, leavmg a finely granular surface 
Some granules were composed of yellowish deposits On sections the corte\. was 
thmner than normal, but the markings of the kidneys appeared normal Micro- 
scopically There was a selective tubular degeneration Stamed with Sudan 3 
fresh sections showed a fatty deposit confined to the proximal envoluted tubules 
and the coUectmg tubules Many of the convoluted tubules, both proximal and 
distal, contained doubly refraejmg hpoids Intracapfllary as well as capsular 
glomeruhtis was present The mterstitial tissue was moderately mcreased 
Diagnosis Chronic diffuse glomerular nephntis with secondary lipoid degenera- 
tion of the tubules 

Case 10 J Y , a white male, aged 29, was adrmtted to the hospital on January 
18, 1927, complaining of swollen legs, arms, face and chest The trouble began 
one month before entrance to the hospital, he had no other complamt and had 
had no trouble of any kmd before the onset of the present illness Other than for 
a soft mitral systohe murmur the heart was normal Asates and general anasarca 
were present The eye grounds were normal The blood pressure was 145/95 
Man> doubly refractmg hpoids found m the urme After one week the edema 
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disappeared and the patient felt well Diagnosis Chrome glomerular 
nephntis with secondary lipoid degeneration of the tubules 

tasell G K , awhite male, aged 22, was admitted tothe hospital on August 
10, 1925 complaining of cough, shortness of breath and dropsy About two months 
previous to admission to the hospital a generalised anasarca developed Physi 
cal ciammation Edema and dyspnea were present The heart was normaL 
Radial vessels were normal Some £md was present In the abdominal cavity and 
in the scrotal sac. The lungs were normal with the exception of rdlea m both 
lower lobes T^c blood pressure was 165/110 Many doubly refracting lipoids 
were found In the unnaty sediment Renal function was decidedly reduced 
The eye grounds showed an albuminuric retinitis He died m uremic coma on 
November 30, 1925 Diagnosis Chrome diffuse glomerular nephritis with second 
ary hpoid degeneration of the tubules 

Case 12 F K , a white male, aged 55, entered the hospital December 22, 
1926, complaining of shortneas of breath, edema of face and legs and headaches 
The edema although present on and off for the past year and one half had been 
persistent and considerably Increased during the past three months The heart 
was found to be moderately enlarged, and somewhat more rapid than normal, 
but otherwise was not abnormal The blood pressure was 240/140 Palpation 
of the radial vessels revealed some thickening No doubly rcfractmg lipoids were 
found The renal function was greatly reduced. He developed an asthenic type 
of uremic coma and died on January 18, 1927 Autop5> findmgs The heart 
weighed 500 grams The valves were normal The left ventricular wall was 
mcreased In ske Both kidneys were greatly contracted, the nght kidney weigh 
ing 41 grains, the left 64 gr^s There was a most imusuol coarseness to the 
surface of both kidneys The capsule was removed with considerable difficulty 
and portions of the cortex adhered to the capsule On sectioning, the pen pelvic 
fat was increased The cortex thinned and the demarcation between cortex and 
medulla was m places not clearly deBned Histologically, the glomeruli showed 
mtra capillar> as well as cxtra-capiUory glomeruUtis Considerable interstitial 
fibrosis was seen Arteriosclerosis was widespread The tubular epithehum 
was gone in some places, m others greatly swollen and degenerated With Sudan 
3 a large ampunt of fat was found m the tubular epithelium, and many doubly 
refractmg lipoids were found m the distal and proximal convoluted tubules 
Diagnosis Malignant hypertension (renal type) with secondary lipoid degenera 
tion of the tubules 

Care 13 J C , a white male, aged 40 >car3, entered the hospital for the first 
time on October 25 1924, complaimng of swollen legs and pam m the small of the 
back for five months Physical exainination Generalixed edema present The 
heart was normal with the exception of a greatly accentuated aortic sound As- 
cites was present, the scrotal sac was distended with flmd Ej e grounds 
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nation showed a papillitis with hemorrhages m the right eye and to a lesser degree 
in the left The blood pressure was 220/120 He left the hospital but re-entered 
on February 5, 1925 Doubly refractmg lipoids were found m abundance m the 
unnary sediment On December 15, 1925, he began to have uremic convulsions 
and died m uremic coma December 18, 1925 Autopsy findings (partial) The 
kidneys vere larger than normal, the nght one weighmg 156 grams, the left 163 
grams The surface was smooth and there was a diffuse yellowish tmge through- 
out the cortex and columns of Bertmi The markmgs between the cortex and 
medulla were well preserved Microscopically Many doubly refractmg hpoids 
were distnbuted rather evenly throughout the convoluted tubules, descendmg 
loops of Henle and m the mterstitial tissue None was found m the glomeruh 
The glomeruh were imiversally diseased, an mtra-capiUary glomeruhtis with 
swollen tufts characterized the picture, many glomeruh were fibrosed and hyahn- 
ized The blood vessels appeared normal 

Diagnosis Chronic diffuse glomerular nephritis with secondary hpoid degen- 
eration of the tubules 

Case 14 A L, a white female, aged 30, was first seen on October 6, 1926, 
complammg of edema, dizzmess and headache She had an attack of acute glomer- 
ular nephritis m 1921 She remained qmte well from 1921 until the present 
attack came on The heart was normal The blood pressure was 220/110 
The radial arteries were thickened Renal function was reduced A hypercholes- 
terolemia was present On January 29, 1927 uremic coma developed and she 
died the next day 

Diagnosis Chronic glomerular nephritis vith secondary hpoid degeneration 
of the tubules 

Group n Patients ivith Chronic Nephritis and no Edema 

Case 15 C G , a white male, aged 58, entered the hospital on February 5, 
1927, on account of headache, cough, dizzmess and great weakness For two 
months previous to entrance he had been suffenng from polyuna and headaches 
On the day of entrance he began to have twitching about the mouth and arms 
Uremic coma and a bilateral broncho-pneumonia developed The heart was 
slightly enlarged The radial vessels were thickened, tortuous, and calcified 
The blood pressure was 180/112 There was no edema and no history of any 
No doubly refractmg hpoids found Renal function greatly unpaired He died 
of uremia on February 7, 1927 Autopsy findmgs (partial) Both kidneys were 
surrounded by a mass of fat They were smaller than normal — the nght weighed 
118 grams, the left 110 grams — and on peehng of the shghtly adherent capsules a 
finely granular cortex was seen On section, the cortex was found very thm m 
places, the mterstitial tissue mcreased The penpelvic fat was mcreased 
Throughout the kidney as weU as the hilum, the vessels were thickened and stood 
out prominently Microscopic examination The tubular epithehum was um- 
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versally degenerated Fat was found with Sudan 3 in the renal tubular epithehum 
and in the walls of manv arterioles No doubly refracting lipoids were found 
Many gloraeruh were completely obbterated, others were undergoing fibrosis and 
hyolmixation Glomerular crescents were numerous and fibrosis tissue prolifera 
tion around the capsules was prominent A generalized artenosderoais was found 

Diagnosis Chronic diffuse glomerular nephntis 

Case 16 PA, aged 31, white female, was first seen on October 17, 1926 
The chief complaints were severe headaches, blumng of vision, and loss of weight 
and strength with polyuna and noctuna Except for scarlet fever at the age of 
eight the past history was negative Dunng September 1925, she was taken 
with severe headaches which would persist for days at a time A few months 
later her vision began to be affected. Examination The pulse was hard and a 
palpable whipcord radial was felt The heart was moderately enlarged and the 
heart sounds were oT good quality The lungs and abdomen were normal The 
blood pressure was 250/150 No doubly refracting lipoids were found Renal 
function was gravely Impaired E>e ground cxammation showed an albuimnunc 
rctmitis A fibrinous pericarditis developed on October 23, 1926 She died on 
October 25, 1926 No edema developed. 

Diagnosis Chronic diffuse glomerular nephritis 

Case 17 W H a white male, aged 52, entered the hospital on the first of 
December 1926, complaining of polyuria visual disturbances, dyspnea, and head- 
ache The present trouble began three months before entrance. Except for the 
fact that his father died ot ' Bnght s disease” the family history was negative. 
He had had hypertension for 5 years Physical examination The patient was 
a thin muscular mhn who seemed very restless and distressed The abdomen, 
genitaba extremities and lungs were quite normal The heart was enlarged, the 
left heart border was palpated li mches outside the left nipple line The radial 
vessels were thickened but not calcified. The heart sounds were strong There 
was no edema The blood pressure was lRS/i26 Renal function greatly de- 
pressed. Ophthalmoscopic exami nation disclosed old as well as recent retinal 
hemorrhage The vessels were sclerotic. He died of uremia on December 25, 
1926 Autopsy findings Both kidneys were contracted, the right one weighed 
112 grams, the left 100 grams The capsules stripped with difficulty, and left a 
finely granular surface The penpcivic fat w*as not inaeased, the marking between 
the cortex and medulla was obbterated m places The cortex was thinned Histo 
logically the glomeruli were all diseased, some showed evidence of recent and some 
of old inflammations The artenolar walls were unusuaUy thickened m places 
complete atresia of the lumen was found The tubules were uniformly diseased 
Sections were stamed for fat but none was present. No doubly refractmg bpoids 
found 

Diagnosis Malignant h>pcrten5ion (renal type) 



90 


CHOLESTEROL IN CHRONIC NEPHRITIS 


Case 18 C R , white male, aged 25, entered the hospital on October 23, 1926, 
complammg of duress, backache, polyuna, noctuna and weakness He had 
always been well until the age of 19, when he suffered from chorea followed by 
endocarditis and pencarditis He recovered withm the year and contmued to 
work until he was mcapaatated by the present illness in October 1926 Examina- 
tion There was no edema Blood pressure 190/116 He had a chronic adhesive 
pencarditis No doubly refractmg lipoids were found Eye grounds were practi- 
cally normal Renal function was moderately reduced The cholesterol was 
elevated 

Diagnosis Chronic diffuse glomerular nephntis 

Case 19 R 0 , a white male, aged SO, was admitted mto the hospital March 
3, 1926, with dyspnea, edema of the lower extremities and asates He has been 
qmte well untd about January 1 , 1926, when he was taken with shortness of breath, 
cough and dropsy The edema here was considered to be the result of cardiac 
failure The heart was excessively enlarged and a mitral systohc murmur was 
heard No irregulanty was present There was considerable thickenmg of the 
radial vessel walls and some calcification was found No doubly refractmg hpoids 
found Renal function was reduced He died of pneumonia Oobar) October 
16, 1926 Autopsy findmg The heart weighed 668 grams, the left ventncle was 
greatly hypertrophied Old negative lesions mvolved the mitral valve Coro- 
nanes more considerably thickened and calcified, partially occludmg the orifices 
Both kidneys appeared smeller than normal The right weighed 142 grams, the 
left 154 grams They were finely granular, m appearance the granules bemg 
irregular m sum and gradually disappeanng m the region of the pelvis, there was 
an occasional atrophic depression On section the cortex was congested and close 
above several pyramids it exhibited a yellowish crescent-shaped thm area The 
pyramids were pale All the visible smallest blood vessels were stiff and gapmg 
The penpelvic and perirenal fat tissue was mcreased Microscopically No fat 
was found m the tubular epithehum Many glomemh were completely fibrosed, 
many others showed capsuhtis and mcrease of mtracapiUary cells Artenolar 
walls were universally thickened No doubly refractmg bpoids found 

Diagnosis Malignant hypertension (renal type) 

Case 20 A N , a white male, 42, entered the hospital on October 26, 1924 
He complamed of severe headaches, epistaxis, dizzmess, vomitmg and msomnia 
for the past four months The blood pressure was 240/1 50 On ophthalmoscopic 
exammation a dissemmated choroiditis was found The heart was enlarged, rapid, 
but regular in action There was no edema Kidney function was greatly re- 
duced Radial vessel walls uniformly thickened No doubly refractmg bpoids 
found He died m uremic coma on January 11, 1925 Autopsy findmgs The 
heart weighed 462 grams and left ventncle was exceedingly hypertrophied Ex 
animation of the valves and coronary arteries revealed no abnormalities Both 
kidneys were contracted and granular, and the capsule stripped with diflaculty 
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Right kidney weighed 125 grams, the left 118 grams The cortex was very thin 
and there was an mcrease of fibrous tissue. Microscopically Many glomeruli 
were completely fibrosed, evidences of capsulitis and intracapillary ^menilitis 
were present Hyaline necrosis of capillary loops found In the lumen of the 
tubules were found manv desquamated epithelial cells and blood cells The tubu 
lar epithelium was diffusely degenerated Considerable fat was found with Sudan 
3 in the tubular walls in the interstitial tissue, and around the walls of arterioles 
None of this fat was anisotropic 

Diagnosis Chronic diffuse glomerular nephritis 

Cojc 21 R McF , a white male, aged 52, was admitted to the hospital on 
July 26, 1926, complaining of headache, dyspnea and palpitation of the heart 
Untfl the onset of the present trouble, he h^ always been well Exammation 
Blood pressure 230/100 The heart was enlarged to the left, an apical systolic 
murmur transmitted to was heard There was no edema, the radial blood 
vessel walla were greatly thickened but no calcification was present Ophthal 
moscopic examination showed an mcrease m bght reflex of the artenes, hemor 
ihagw old and recent were present. No doubly refracting hpolds were found 
The renal function was reduced. On December 16, 1926, be died of apoplexy 
Autopsy findings Unfortunately permission for examination of the brain was not 
given The heart weighed 565 grams Left ventricular hypertrophy was marked. 
Valves normal Both kidneys were decidedly contracted and coarsely granular, 
the right one weighed 94 grams, the left 102 grams By stripping away the capsule 
some portions of the cortex were removed The peripelvic fat was greatly in 
creased In places the demarcation between cortex and medulla cobid not be 
seen, the cortex was remarkably thinned Microscopically, many areas of cellu 
lar infiltration were seen, the glomeruli were greatly diseased, extra capillary 
glomeruUtis was present, hyalm necrosis of many capillary bops found, extensive 
fibrous obliteration of glomerular vessel walls moderately fibrosed No fat foimd 
in the tubules with fat stains, and no doubly refractmg bpoids were foimd 

Diagnosis Chronic diffuse glomerular nephritis 

Case 22 G L , a white male, aged 36, entered the hospital on February 24, 
1925, complammg of blumng of visbn and voimtmg and occipital headaches for 
the past month At the age of 24 he contracted scarlet fever, which kept him 
confined to bed for eight weeks, but he said that he had no kidne> trouble at that 
time The patient was a thm anemic looking man without edema The heart 
was enlarged to left, was regubr m action and no murinurs were made out The 
lungs, abdomen and genitalia were normal The blood pressure was 185/100 
No doubly refracting lipoids were found The bbod cholesterol was not elevated 
There was a profoimd reduction m renal function On Februar> 28, 1925, four 
days after entrance a fibrinous pericarditis and uremia developed and he died 
Autopsy findbgs The heart weighed 315 grams, fibrinous pericarditis found. 
Both kidneys were surrounded by fat tissue that was firmly adherent to the upper 
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half of each organ The nght kidney weighed 149 grams, the left 155 grams 
The surface of the kidneys was granular and the cortex thm On section the 
cortex was congested The capsule was thickened and adherent to the surface 
Microscopic examination The urmiferous tubules were compressed and many 
were destroyed There was a cellular mfiltration mto the mterstitial tissue The 
Malpighian bodies varied greatly m size and shape Many were hyahnized, 
others partially fibrosed The tubules contamed both red cells and leukocytes 
and m places organized casts No fat was present m the tubular epithelial cells 
No doubly refractmg hpoids found 

Diagnosis Chronic diffuse glomerular nephritis 

Case 23 L J , a white male, aged 32, was admitted to the hospital on Novem- 
ber 11, 1925, complaining of headache The blood pressure was 240/150, the 
heart was slightly enlarged, otherwise normal No edema was present Ophthal- 
moscopic exammation revealed old retmal hemorrhgaes but no recent one No 
doubly refractmg hpoids present Renal function was greatly decreased He 
was under observation until death m September 1926 Edema never developed 
Uremia with plastic peticardatis termmated the course of the disease on September 
15, 1926 Autopsy findmgs The heart weighed 318 grams, the left ventncular 
wall was greatly hypertrophied Plastic pencarditis present Right kidnev 
weighed 62 grams, the left one 55 grams The capsules were adherent to the 
cortex Both kidneys were coarsely granular m type The cortex was very thin 
and m places the demarcation between cortex and medulla n as obliterated Mi- 
croscopically, the fibrous tissue throughout the kidney was mcreased A capsu- 
lar as well as an mtracapiUary glomeruhtis was universal Areas of cellular m- 
filtration numerous The tubules showed evidence of degenerative changes 
No doubly refractmg hpoids present, and no fat was found with fat stams 

Diagnosis Chronic diffuse glomerular nephritis 

Case 24 D D , a white female, aged 47, entered the hospital on January 17, 
1927, complammg of dyspnea, cough, headache and vomiting for the past year 
The blood pressure was 205/142, the heart was enlarged to the left and rapid 
The radials were thickened but not calcified Renal function was greatly reduced 
No doubly refractmg hpoids found Coma developed and she died on February 
2, 1927 Autopsy findmgs The heart weighed 308 grams There was a re- 
markable hypertrophy of the left ventncular wall The coronary artenes were 
patent, but moderate sclerosis was found Both kidneys were coarsely granular 
and contracted, the nght one weighed 105 grams, the left the same The capsule 
stnpped with considerable difficulty On section the cortex was thmned and an 
mcrease m mterstitial tissue could be seen The walls of the smaller vessels were 
thickenedandstoodoutprommently Microscopically Practically every glomeru- 
lus was diseased. Many had undergone complete fibrosis, extensive capsuhtis 
as well as mtracapiUary mflammation was seen Areas of ceUular mcrease were 
numerous The epithehum of the tubules was extensively degenerated Moder- 
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ate amount of fat was found with Sudan 3 in the epithehnm of the convoluted and 
straight tubules No doubly refracting lipoids foimd 

Diagnosis Chronic diffuse glomerular nephritis 

Cast 25 M J , a white female, aged 40, entered the hospital on January 28, 
1927, complaining of nervousness, visual disturbances and noctuna The heart 
was enlarged The walls of the radials were practically normal The blood 
pressure was 260/136 T^iere was no edema No doubly refractmg lipoids 
found Autopsy findings There was no cerebral hert^orrhagt Both kidneys 
were very small and hard m consistence The right weighed 75 grams, the left 
83 grams Their surface showed a diffuse granular appearance, the granules 
bemg regular m sire and less pronounced toward the hihis of the organs On the 
cut surface the cortex appeared thin, the vessels were gapiug The penpelvic 
fat tissue was increased hlicroscopicallv The glomeruli in places showed an 
mcrcasc in the number of nuclei and thickenmg of the Bowman’s capsule, in places 
the glomeruli were completely fibrosed- A diffuse round cell infiltration of the 
interstitial tissue was found No fat found with fat stains and no doubly refract- 
ing bpoids found 

Diagnosis Chronic diffuse glomerular nephritis 

oaoup itL Patients with Hypertensive Cardiovabcttlar Disease with 
Cardiac Edema 

Cast 26 D N , a white male, aged SI, was first eianuncd on October 2, 1925 
He had been complaining of headaches, dyspnea and swollen ankles for the past 
year The radial arteries were considerably thickened, tortuous, and hard to 
compress The left heart border was found in the anterior axillary Ime, There 
were no murmurs nor evidences of fluid The aortic second sound was greatly 
accentuated A tendency to gallop rhythm was present Blood pressure 215/124 
Examination revealed extensive edema, ascites, pleural effusion and some pen 
cardial effusion No doubly refracting hpoids were found on many examinations 

Diagnosis Hypertensive cardiovascular disease. 

Cast 27 M G , a white female, aged 54, entered the hospital on July 8, 1926, 
complaining of precordial distress, dyspnea, swollen arms and legs The trouble 
begdn five years previously when shortness of breath and weakness caused her to 
give up her occupation The blood pressure, at that time, she said was over 200 
The radial artery walls were greatly mcreased in thickness and were tortuous 
Ascites was present with general Ired edema The heart was greatly enlarged and 
the sounds uerc muffled, weak and rapid. The blood pressure was 242/130 
The condition of the patient remained about the same, excqit for short periods of 
improvement until she died of heart failure on September 5, 1926 Autopsy find 
mgs The heart weighed 585 grams The walls of the left ventricle were greatly 
thickened. The mitral valve was not of an old rheumatic endocarditis The 
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nght kidney weighed 128 grams, the left 122 grams Both kidneys were coarsely 
granidar m appearance, and were contracted The capsule was shghtly adherent 
On section the cortex was found quite thm and the mterstitial connective tissue 
was increased The normal markmgs of the kidneys were practically obliterated 
Many of the larger and smaller artenes stood out conspicuously and their walls 
were unusually thickened The penpelvic fat was abnormally mcreased Micro- 
scopically, many glomeruli were normal, others enlarged, while some were com- 
pletely fibrosed Hyalm degeneration of the mtima of many of the smallest 
arterioles was found with many glomeruli partially hyalmi/ed and fibrosed With 
Scharlach R, some fatty material was foimd scattered throughout the epithelial 
cells of many of the convoluted and straight tubules None of this fat was found 
to be doubly refractmg 

Diagnosis Hypertensive cardiovascular disease 

Case 28 W H , a white male, aged 48, entered the hospital on February 12, 
1926 His blood pressure had been elevated for the past year, but the present 
trouble began a month before entrance He was dyspneic, orthopneic, edematous 
and cyanotic The walls of the radial arteries were extensively thickened, and 
felt like solid cords to the palpatmg fingers Blood pressure 210/106 The left 
ventncle was exceedmgly hypertrophied The heart sounds were distant and 
weak A systobc mitral murmur was present Chronic hypertrophic emphy- 
sema as well developed Edema of the extremities as well as ascites was present 
Renal function was depressed No doubly refractmg lipoids were found m the 
urmary sediments Improvement followed treatment 

Diagnosis Hypertensive cardiovascular disease 

Case 29 J M , a white male, aged 50, entered the hospital on February 15, 

1926 He had known that his blood pressure was over 200 for the past three 
years and that the urme had been free from albumm About two months before 
entrance he began to have swollen legs and was dyspneic The walls of the radials 
were considerably thickened and tortuous, but no calcification was found There 
was an enormous scrotal edema, as well as extensive edema of the lower extremi- 
ties On exammation the left heart border was found weU outside the nipple hne 
Some irregularity of rhythm was present, and the heart sounds were muffled due 
to accumulation of pericardial fluid Renal function was moderately reduced 
Exammation of the urmary sediment with the polaromicroscope occasionally 
revealed a few doubly refractmg hpoids 

Diagnosis Hypertensive cardiovascular disease 

Case 30 B M , a white male, aged 46, entered the hospital on January 8, 

1927 In 1917 when exammed for army service he was refused admission because 
the blood pressure was over 200, and his heart was enlarged He had very little 
trouble irntd November 1926 when his feet began to swell and d 3 fspnea set m 
These symptoms steadily progressed until he came to the hospital Blood pressure 
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218/100 The ■^'alls of the radial \\ere definitelv thickened, but no tortuosit> 
or calcification made out The left side of the heart was greatly h>'pertrophied 
There was considerable ederaa of the lower extremities with a moderate degree of 
scrotal dropsv No asates was present Renal function was reducech No 
doubly rcfractmg hpoids were found Although heart failure was pronounced he 
died suddenl> on May 19, 1927 of pulmonary embolism Autopsy findmgs 
The heart weighed 613 grams No valvular disease present Aorta widened 
otherwise normal Thrombi were found m the right auncular appendage An 
embolus was found in a branch of the left pulmonary artery Both kidneys were 
enlarged and smooth The right weighed 198 grams the left 186 grams The 
capsule stripped easily On section the cut surface seemed normal except that 
the wall of many small arteries were seen to be thickened Histologicallj , many 
glomeruli were completely fibrosed, others partially fibrosed and h^aJmlsed The 
tubular epithelium was swollen in places The walls of smaller artenoles were 
excessuelv thickened and lumen of some was almost occluded With fat stams 
no fatty material was seen No doubh rcfractmg bpoids were found 

Diagnosis H\*pcrtcnsive cardiovascular disease 

Case 31 L D , a w hitc female, aged 44, had had high blood pressure and short 
ness of breath for the past year She entered the hospital on November 7 1926 
with pronounced general anasarca and dispnea The walls of the radial and 
other accessible artenes were very thick There was considerable cardiac enlarge 
ment to the left Blood pressure 196/115 Some free fluid wtis found in the 
abdomen and in both pleural cavities No doubh refractmg bpoids found m 
the unne Renal function was reduced She died of heart failure on March 3, 
1927 Autopsy findmgs The heart weighed 497 grams Evidences of an old 
endocarditis were found on the mitral valve and aortic valves Both kidneys 
were contracted, the right weighed 112 grams, the left 107 grams The capsule 
stripped wnth some difhcultv , leaving a finely granular surface On section the 
penpelvic fat was found greatly increased The cortex w as thin and the mterstitial 
connective tissue was mcreased to such degree that the markmg betw^een cortex 
and medulla was hard to make out ^Inny of the smaller arteries stood out, it 
could^be seen that their walls were greatly increased m thickness Microscopi 
cally, many glomeruli were hypertrophied and the lumens of the tubules m places 
were widened 'There was a definite fibrosis of manv of Bowman s capsules and 
many glomeruli were obliterated by connective tissue Other glomeruli were 
normal The tubular epithelial cells were swollen but otherwise ndnnal The 
chief findmg was the extensive thickness of the smaller blood vessel walls with 
atresia of their lumen in places With Schorlach R, a small amount of fatty 
matenal was found m the cpitheial cells of a few of the convoluted and straight 
tubules also some was found in the intcrtubular tissue None of this fat was 
doubly refractmg 

Diagnosis Hypertensive cardiovascular disease 
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CHOLESTEROL IN CHRONIC NEPHRITIS 



Fig I Case 3 Left KrDNE\ (Natural Size), SHo^\I^cG the UNTFORiiLL 
Granular Surface and Contraction of the Organ 
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Fig H Case 3 Asea Shoivtoo Extensive Deposits o? Lipoid Substances 
IN TTTF. Tubular Epithelidii and to a Lesser Extent in nrF. Inter 
snnAL Tissue, Section Stained with Sudan m, X 700 
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CHOLESTEROL IN CHRONIC NEPHRITIS 



Fig in Case 3 SEcnoN of an Area Similar to That in Figure EE 
The tissue is unstained and observed under crossed NicoFs, the doubly refract- 
ing substances (lipoid) are in both the tubular cells and the interstitial tissue, X 
700 
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Fig IV Case 9 Unstained Section Observed under Crossed Nicol's, 
Showing the SELEcmT: Localization of the Double Refractino Sub- 
stances (Lipom) IN Certain Portions of thf Tubules, X375 



THE BLOOD URINE UREA CONCENTRATION RATIO IN 
HYPERTENSION 


By PATJL STARR MX) and FRANCES BALLARD, BR 

{From the Medical Department Pi ortlrwesteni Umveniiy Medical School and the Service 
of Dr Charier 4. Elliott at Wesle^ MeiitonaJ Rospdal Chicago) 

(Rectl\ ed for publication August 5, 1927) 

The blood urine urea concentration ratio, following the work of 
AlacLcan (1), Harnson (2), Addis (3), Rabmowitch (4, 5, 6, 7) and 
Van Slyke (8, 9), has been determined m a senes of 44 patients ^^nth 
vascular hypertension They are arranged m three groups (tables 
3, 4 and 5) of increasing seventy of cardiovascular damage They 
are not considered to have a pnmary nephntis, the extent of secondary 
renal damage was unknown 


ilETHODS 

Following the plan of Rabmowitch our procedure was as follows 

1 No food or fluids after 9 00 p m 

2 Two grams of soda bicarbonate at 6 00, 7 00 and 8 00 p itl 

3 At 9 00 aju (a) bladder emptied (speameo saved), (b) blood drawn, 
(c) phenolsulphonephtholein injected intravenously, (d) 15 grams of urea m 500 
cc. of water bv mouth (other workers use 150 cc. of water) 

Urme collected at 10 00 and 11 00 ajn , 12 00 and 1 00 pm (no food or 
fluids during this penod) 

5 Blood drawn at 10 00 a m and 1 00 p m 

The determmations made on these specimens are the volume and specific 
gravity, mcludmg the fasting specimen of urine, the phenolsulpbonephthalem 
percentage and the concentratwn of urea m the unne of the second hour This 
last IS done by the usual aeration nesslenzation method The blood urea nitro- 
gen IS determmed m the three blood specimens by the new mercury titration 
method of Hcnch (10) The urea concentration factor is obtained by dividing 
the urea value m milligrams per 100 cc of urme of the second hour by the average 
of the urea m milhgrams per 100 cc of blood m the fastmg and first hour blood 
speoraens The ^eliabllIt^ of the urease nessleniation technic used for the 
urine determmation is well kjio\vn The observations of the English investi 
gators would seem unreliable in view of the recognized faults in the hypobromltc 
method which they use. The technical work is greatly shortened by cmploymg 
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TABLE 1 


Urea nitrogen m imlhgrani'! per 100 cc of Wood 


Standard (Van Slj ke tcchnic) 

Hcnch (lilralion Icchnic) 

DiiTercncc 

mg 

mg 

1 mg 

14 7 

16 0 

+ 1 3 

13 5 

12 0 

I ^ 

16 1 

14 0 

-2 1 

20 4 

18 0 

-2 4 

13 2 

14 0 

+0 8 

14 8 

16 8 

+2 0 

15 1 

14 8 

-0 3 

17 1 

16 4 

-0 7 

13 5 1 

11 2 

-2 3 

11 1 

15 6 

+4 5 

10 2 

14 2 

+4 0 

13 9 

13 5 

-0 4 

32 0 

28 0 

-4 0 

26 4 

22 4 

-4 0 

\verage difference 

i2 16 


TABLE 2 
Xormal 


Name 

Phlhalcm (intravc 
nously) percent 
age in _ hours 

3 Z 
— c 

55 

c 

tc 

£ 

w “ o 

cj C rs* 

u 

i 5£;c 

S*’ o 
^ c — 

^ -c 5 

1 

= 

— r* c 

1 fc. p t- «- 

1 =» £ 3 rt 

1 1 

' r 

1 5 

V 1 

c . 1 

s ° 

1 

Clinical diagnosis 

A W B 

65 

14 

1 

19 

1 

57 

Anemia 

J G 

75 

1 15 

21 

44 

Fracture 

B McQ 

70 

20 

24 

30 

■\rthntis 

0 N 

55 

11 

17 

33 ’ 

Hand mjurv 

0 N 

1 

13 

24 

35 

Hand injurj' 

J R 


21t 

23 

34 

Nerve injurj' 

F S 

75 

14 1 

15 

48 1 

Postoperatu e herma 

R W 

60 

23 

25 

25 

Hand iniui> 

Dr H 

65 

13 

16 

35 

Hand injurj' 

T C 

70 

16 

24 

28 

Hand injury 

B H 

65 

13 

23 

47 

Neurosis 

R B 

70 

18 

22 

27 

Normal 

M P 

60 

19 

24 

33 

Duodenal ulcer 

B A 

65 

20 

32 i 

21 

Neurosis 


* Following the work of Archer and Robb on urea tolerance 
1 Emphasized figures jre abnormal 
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the mercury titraUon method recently developed bj Hench He has published 
comparative results Our senes of comparisons Is given in table 1 The greatest 
difference is 4 5 mg of urea mtrogen or 9 6 mg of urea (The average is 2 16 
mg of urea nitrogen or 4.6 mg of urea-) This would usually make no serious 
change m the urea concentration factor as calculated but if the average error 
occurred in the same direction m both determinations, the false urea concentra 
tion factor would then be pomts from the true value. Chmcal estlmationa 
will certainly not require urea concentration factor of greater accuracy than 
this In its present form the urea concentration factor range of error is probably 
10 pomts owmg to the unmeasured effect of diuresis 

RESULTS 

In table 2 the data on 13 normal patients are given The normal 
range of urea concentration factor by this procedure should thus be 
from 25 to 60, rejectmg the one reading 21 as bemg influenced by some 
diuretic factor 

In table 3 the data from the group of 22 patients with mild vascular 
disease are given These patients are all active and have very 
shght disabflity They carry systohc blood pressures of from 170 to 
200 mm Hg, the diastohc is m the neighborhood of 100 mm. Hg 
There is more or less cardiac mvolvement They do not have 
edema or unusual polyuna There is httle, if any, unnary evidence 
of nephntis There is no gross evidence of heart failure m these 
patients They are representative of that large group of people m 
whom hypertension is gradually leadmg to degenerative changes m 
the heart, bram, and kidneys, from which they will eventually die 
It IS m tbm type of case that it would be most valuable to be able 
to measure the extent of kidney damage and it is m ^his type of 
case that the usual renal tests are madequate Bnef histones of 
two such patients follow 

Miss E W , a school teacher, aged 68, acbve, only complamt severe 
and mtractable hives Physical examina tion old goiter, infected tonsils, heart 
enlarged, left heart border 11 cm,, lungs negative, abdomen negative, no edema 
Blood pressure 220/80, red blood cells 4,090,000, hemoglobin 47 per cent, urme 
entirely negative, basal metabolic rate — S per cent, pulse 60, weight 130, posi 
tive Graham Cole test, van den Bergh 0 2 n^ ' 

Dr L F , aged 43, an active surgeon, adSWed because of ^all-stone colic. 
Later he was operated upon and returned^ to wort. Physical examination 
overweight, infected tonsils, lungs clear, no edema, heart enlarged, regular, no 


Tn* jouBKAii OT cujncAi. nmrnoiTiox tou v ico l 



TABLE 3 

Cltntcally mtld vascular disease — slight or no cardiovascular symptoms, no evidence of heart 
failure, no gross edema, no isosthenuria 


Name 

Phlhalein (Intrave 
nously) percentage 
in 2 hours 

Fasting blood urea 
nitrogen (normal 20) 

Fourth hour blood urea 
nitrogen return with 
in 10 of fasting 

Urea concentration fac 
tor 

Clinical diagnosis 

J J c 

65 

13 

15 

63 

Essential hypertension , age 22 , blood 
pressure 185/110 

M R 

65 

26 

32 

28 

No symptoms, age 26, blood pres- 
sure 150/90 

F H 

25 

18 

26 

33 

Slight symptoms, age 24, blood 
pressure 170/90 

FEE 

1 

14 

27 

29 

Mild artenosclerosis, blood pressure 
168/110 

G F 

50 

13 

22 

22 

Obesity, arthritis, blood pressure 
200/110 

L F 

60 

IS 

18 

39 

CholeQ’Stitis, blood pressure 

190/118 

G I 

55 

21 

27 

32 

Uterine tear, blood pressure 170/98 

M M 

1 

20 

16 

31 

43 

Hj-pertension, blood pressure 
200/110 

S S 1 

60 

24 

37 

22 

Inbs, blood pressure 180/108 

R B 

SO 

19 1 

1 


24 

Puerpicral headaches, blood pressure 
178/110 

S R 

50 

15 

21 

26 

Headaches, blood pressure 194/112 

J s 

60 

21 

23 

32 

Semhty, prostatic obstruebon, blood 
pressure 196/90 

H B 

60 

26 

35 

32 

Weakness, anemia, blood pressure 
200/98 

L S 

60 1 

1 

23 1 

1 

32 

24 

[ Melancholia, hypertension, blood 
pressure 218/124 

E W 

75 

22 

35 

15 

Hives, cardiac hypertrophy, blood 
pressure 200/80 

C L 

65 

26 

56 

13 

Arthnbs, blood pressure 196/110 

J J c 

60 

16 

28 

22 

No symptoms, blood pressure 
200/110 

R W H 


14 

28 

33 

No symptoms, blood pressure 
190/98 158/80 

S R 

55 

21 

27 

27 

Effort syndrome, blood pressure 
184/100 

E W 

45 

22 

1 28 

30 

Tired, hives, blood pressure 198/110 

E D 

40 

19 


11 

Tired, cholecysbtis, blood pressure 
200/100 

M F 

1 

45 

19 

26 

27 

Artenosclerosis, glycosuria, blood 
pressure 155/68 


104 







PAUL STARR AND TRANCES BALLARD 


105 


murmurs, gall bladder tenderness Blood pressure 220/130, later 188/118 and 
160/110, unne contamed slight trace of albumin, no casts, red blood cells 4,240,000, 


TABLE 4 

Severt vascular disease — marked cardiovascular symptoms no cross edema except for on* 
cast vnih heart failure no isosthenuria 


N&id« 

J 

1 

|fl 

i 

Pm 

S| 

Ip 

I Pm 

a 

e 

s 

s 

8 

1 Sa 

1 a 

CQbIcsI dltfiiosls 

TLA 

65 

12 

28 

27 

Angina, senility blood pressure 
218/96, died — cerebral hemor 
rhage 

C L.H 

60 

9 

12 

14 

Coronary thrombosis, blood pressure 
100/60 

S L 

30 

17 

34 

29 

Heartfaflure blood pressure 154/110 

Pl von H 

70 

22 

29 

25 

Arteriosclerosis heart block, blood 
pressure 182/86 

s w 

55 

16 

24 

17 

An^na, blood pressure 220/120 

C M G 

60 

23 

34 

8 

Uremic headache noctuna, blood 
pressure 180/105 

L.H 

50 

22 

34 

21 

Auricular fibrillation, blood pressure 
240/140 

L.H 

40 

4S 

67 

16 

Hemiplegia blood pressure 238/132, 
death 

H.R 

50 

26 

28 1 

21 

Angina, >ertigo blood pressure 
180/110 died suddenly 

M.R 

45 

18 

28 

16 

1 

Cerebral thrombosis blood pressure 
204/120 

H B 

60 

26 

33 

13 

Hypertension, dyspnea, headaches, 
blood pressure 210/120 

J B 

45 

28 

40 

27 

Arteriosclerosis cerebral thrombosis, 
blood pressure 150/80 

J A 

65 

24 

29 

24 

Hypertension, gallop rhythm, blood 
preesure 170/120 

T G E 

35 

26 

34 

i 

19 

lUtinitis gallop rhythm, blood 
pressure 200/130 

I N W 

35 

28 

45 

16 

Hypertension with nephntis with 
edema blood pressure 270/153 


white blood cells 6,400, hemoglobin 80 per cent, Wassermann test negative, stools 
normal, clectrocarchogram normal, van den Bergh 2 9 rog 
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The phenolsulphonephthalem results in this senes are all high 
normal with the exception of five The fastmg blood urea nitrogen 
is often very slightly elevated but not sufficiently to indicate definite 
azotemia Of the twenty-two there are 13 urea concentration fac- 


TABLE 5 

Extreme vascular disease 


Name 

Phthalein (intrave 
nou9l> ) percentage m 

2 hours 

O 

s'! 

c 

I 

a 2 

1 

Fourth hour blood urea 
nitrogen return with 
in 10 of fasting 

Urea concentration fac 
tor 

'a 

c 

a 

>K 

1 

to 

S:a 

a 

cn 

Clinical diagnosis 

J F 

60 

12 

19 

/ 

28 

1 008 

1 017 

Malignant hypertension, reti- 
nitis, age 32, blood pressure 
222/158 

I A 

55 1 

1 

11 > 

1 

21 

14 

1 009 
t d30 

Malignant hypertension, cere- 
bral hemorrhage age 34, 
blood pressure 220/120 

M D 

60 

16 

IS 

18 

1 008 

1 022 

Malignant hypertension, an- 
gina, age 35, blood pressure 
260/1 '50 

A L 

40 

20 

21 

18 

1 015 

1 020 

Hjiiertcnsion, cardiac decom- 
pensation, blood pressure 
220/120 


Fuation of speciSc gra\ ity 


N L 

IS 

65 

81 

9 

1 008 

1 010 

Fmal stage nephntis, decom- 
pensation, blood pressure 
228/140, death 

R P 

30 

32 

1 

35 

3 

1 007 

1 010 

Final stage nephntis, edema, 
blood pressure 184/130, 
death 

E LaT 

20 

36 

53 

7 

1 007 

1 010 

Malignant hypertension, blood 
pressure 270/140, death 

C R E 

1 

1 

10 

42 

46 

12 

1 010 

1 010 

Mahgnant hypertension, blood 
pressure 200/120, death 


tors below 30 , of these, 8 are definitely abnormal, i e , below 25 
Two are below 20 

In table 4 the data on 14 patients with severe vascular disease are 
shown In these patients the systohe blood pressure is frequently 
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over 200, the diastolic frequently over 110 The extent of vascular 
damage is evidenced by angina, coronary thrombosis, heart block, 
auricular fibrillation, cerebral thrombosis, and headache There is one 
case with cardiac decompensation Brief histones of two such 
patients follow 

Mr 0 , aged 57, gradual onaet of nght hemiplegia with associated aphasia 
Physical exammation lungs dear, heart — left hypertrophy, regular, right arm 
and leg partially paralysed no edema, vessels of fundi sderotic Blood pressure 
204/120, later 192/106, unne contams trace of albumm, occasional granular cast 

Mrs W , aged 60 Dull aching in left chest dunng exertion, stops immediately 
on restmg, no dyspnea, no edema Physical examination lungs normal, heart— 
concentric hypertrophy, abdomen normal, pelvis normal. Blood pressure 


TABLE 6 

!fepkTilis vUheut kyfertemim 



Sie 

il 

Cm 

JH 

l!il 

Cm 


CllDtcal db(soii« 


55 

20 

40 

1 25 

Acute parenchjTnatouB ne 
phntu, blood pre*surc 125/85 

li K 

45 

25 

33 

IS 

Cysfabs pyphfils, blood pressure 
118/68 

E. B 

■ 

157 

191 

■ 

Hydronqjhrosls (bilateral), 1*0- 
slbtnuiia, blood pressure 
124/78, death 


218/118, 222/120 Urine negative, basal metabohc rate — S per cent, blood urea 
mtrogen 19 6, red blood cells 4,210,000, white blood cells 6,700, hemoglobin 
86 per cent, Wassermann test negative 

Of the fourteen cases only three have phenolsulphonephthalem 
results of clmical significance These ore 30, 35, and 35 per cent 
In six cases the unne contains little albumm, m the others it contains 
much albumm and some casts There is no correspondence between 
the phthalem percentage, the urdh concentration factor and the 
amount of albumm In mne there is a shght mcrease of the fastmg 
blood urea mtrogen In all fourteen the urea concentration factor 
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IS less than 30 and m ten it is less than 25, of these it is less than 
20 m seven cases 

In table 5 the results from a series of patients with extreme hyper- 
tension are given One early case m a yoimg man and one case m 
the termmal stage are described 

TABLE 7 


Corrdahon of change of urea conceniration faclor to volume 


Name 

Tabic where other 
data arc shown 

1 Urea concentration factor 

1 

Difference 

Volume 

< 

Interval 

pq 

Urea concen 
tration fac 
tor 

■ 

1 

C3 










cc 

CC 

Mr L 

4 

12 

(15) 

1 week 

29* 

(7) 

-M7 

-8 

160 

60 

I A 

5 

14 

(24) 

11 months 

25 

(6 6) 

+11 

-17 

180 

40 

H B 

3 

23 

(24) 

2 months 

32 

(7 4) 

+9 

-16 

70 

35 

A L 

5 

11 

(17) 

10 months 

17 

(4) 

+6 

-13 

230 

55 

J B 

4 

27 

(6) 

3 months 

31 

(8) 

+4 

+2 

SO 

70 

Mrs K 

6 

15 

(21) 

1 month 

19 

(29) 

+4 

*4“8 1 

120 

140 

J A 

4 

20 

(31) 

2 weeks 

24 

(34) 

+4 

+3 

200 

160 

0 N 

2 

33 

(33) 

1 month 

35 

(35) 

+2 

+2 

80 

130 

Mr B 

4 

13 

(24) 

2 months 

14 

(4) 

+ 1 

-16 

290 

70 

E W 

3 

IS 

(29) 

1 month 

15 

(29) 

+0 

+0 

230 

225 

Mr L 

4 

12' 

■(IS) 

1 week 

13 

(14) 

+ 1 

-1 

160 

no 

J J c 

3 

55 

(13) 

11 months 

63 

(18) 

+8 

+5 

70 

45 

1 H 

4 

14 

(20) 

3 months 

21 

(31) 

+7 

+ 11 

120 

130 

S S 

3 

22 

(31) 

10 months 

26 

(61) 

+4 

+30 

100 

280 

B B’ 


18 

(22) 

2 weeks 

21 

(33) 

+3 

+ 11 

85 

125 

S R 

3 

18 

(4) 

6 months 

26 

(23) 

+8 

+ 19 

60 

130 

Average of differences 

±5 3 





Figures m parenthesis = Our U C F X "s/ Volume given -r- Weight m kilograms 
• Durmg acute decompensation urea concentration factor 29, when improved 1 


week later urea concentration factor 12, third urea concentration factor still later 13 


Dr J F , aged 32, a dentist, was known to have had gradually increasmg 
hypertension for six years, at first very mild, later extreme Complamed of 
headaches and nervousness, later, visual disturbance Physical examination 
lungs clear, heart enlarged, aortic second accentuated, abdomen and extremities 
normal, no edema Blood pressure 226/160, urme-albumm ++ and -t--l-+, 
occasional granular cast, red blood cells 4,200,000, white blood cells 9,100, 
hemoglobm 90 per cent, spmal fluid and blood Wassermann negative Fundi 
showed albummunc retmitis 
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Mr LaT , aged 50, high blood pressure hnown for nme years Complained 
of no pain or mabihty to contmue his work as usual, no nocturia, slight edema 
of ankles Lungs dear, heart much enlarged. Blood pressure 270/140 and 
295/170, urme — albumin ++, occasional granular cast, fixed specific gravity, 
Wassermann test negative 

Of the eight cases five have definitely depressed phthalem readings 
In those cases with renal insufficiency, as indicated by azotemia, 
there is defimte isosthenuria In this whole group the urea concen- 
tration factor IS less than 30 and all but one are below 20, three are 
10 It IS mterestmg to note that those patients whose urea con- 
centration factor was approximately 10 or below have died 

In table 6 the data of three patients having nephritis without hyper- 
tension are given A correspondence with the clinical seventy is 
evident 

In contrast, however, with this general parallelism with the degree 
of vascular disease there are occasions when very low figures are ob- 
tained which certainly do not represent the clinical condition Thus, 
the specific gravity of the unne may be low and the urea concentra- 
tion m the neighborhood of a few tenths of a per cent, while the blood 
figure IS not unusual, the result is a very low factor This happened 
defimtely three tunes m a total of eighty-three urea concentration 
factor determinations but it is probable that the factor is often several 
pomts too low as judged by climcal criteria Furthermore, as regards 
prognosis senous vascular acadents may, of course, occur unth 
relatively good kidney function as mdicated by this factor 

To detenmne the constancy mth which this crude procedure would 
give checks it was repeated whenever possible Table 7 presents 17 
dupheates In most mstances the checks are remarkably good 
The greatest differences, 11 and 17, are probably due to a change m 
cuculation Other differences may well correspond to an actual 
change m renal function The average difference, mcludmg the two 
factors distorted by gross carculatory disturbances is plus or mmus 
five Even with this range of error the results are of dimcal value 
m helpmg to grade the renal damage m patients with vascular hyper- 
tension mto, roughly, three divisions, mild or neghgible, moderate, 
and severe 

In table 7 a correlation between the change of urea concentration 
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factor and the change of volume m these successive tests is pre- 
sented Concemmg these seventeen duphcates, inspection of the 
table indicates that where the second volume mcreased, as was true 
m SIX mstances, the urea concentration factor also mcreased, i e , 
contrary to what would be expected from sunple dilution of the 
urme When the volume decreased, as was true m eight, mcludmg 
the mstance before and after decompensation, the urea concentration 
factor increased on an average eight pomts Hence, no constant 
mfluence of change of volume is found A check of successive urea 
concentration factors to four pomts or less occurs m nme mstances 
In these the changes m volume are from 70 to 290 cc , from 100 to 
280 cc , from 200 to 160 cc , from 80 to 130 cc , from 230 to 225 cc , 
from 160 to 110 cc , from 120 to 130 cc , from 50 to 70 cc , and from 
85 to 125 cc Thus a very marked change m volume may not sig- 
nificantly change the urea concentration factor It would, therefore, 
seem mcorrect to imiformly modify the urea concentration factor 
by the volume When our factor is multiplied by the square root of 
the quotient volume over weight of the patient m kilograms, the 
correspondence between the resultmg modified factors is much less 
close than when the simple luea concentration factor is used and 
they would frequently mdicate a change m renal condition which 
the clinical findmgs do not support and which the simple factors do 

not suggest Modified factors, UCP X y/^j shown m paren- 
theses after each simple factor m table 7 

CONCLUSION 

This procedure for measurmg the ability of the kidney to concen- 
trate urea is of clmical value It seems possible by this means 
roughly to estimate that the degree of renal damage m hypertension 
IS either neghgible, moderate, or severe A method of controlling 
the mfluence of water metabohsm and excretion on the final result 
would very much mcrease the quantitative significance of the test 
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THE OXYGEN SATURATION OF HEMOGLOBIN IN THE 
ARTERIAL BLOOD OF EXERCISING PATIENTS 


By HAROLD E HIMWICH and ROBERT 0 LOEBEL 

{From tkt Russell Saie Inshiute of Pathology tn A ffiliatum trlth the Second lledtcal (ComeJT) 
Division and the Paihologtcal Department of Bellevue SosfntaJ and the Depart 
ment ef Ifedtctne, Cornell University ifedical College Nevs 3 ork) 

CRccei\ td ior publication August 22 1927) 

The following data are presented at the present time even though 
they are mcomplete, smce circumstances necessitated an mterrupDon 
of the work 

Observations of Himwich and Barr (1) on the variations m oxygen 
content and oxygen capaaty which occurred m the arterial blood of 
normal individuals as a result of exerase indicated that the oxygen 
saturation of the hemoglobm was mcreased by moderate exerase of 
short duration If, however, the eierase was contmued to the pomt 
of exhaustion, the saturation of hemoglobm might di min ish A simi- 
lar decrease was noted by Harrop (2) m a convalescent subject, and 
also in three patients with polycythemia vera (3) A lessened satura- 
tion was found by Barcroft and others (4) when exercise was per- 
formed at high altitudes 

An explanation of these varying results was attempted Though 
the saturation of hemoglobm m the lungs is influenced by many fac- 
tors, it IS in the last analysis deter min ed by two only, the amount of 
oxj'gen diffusmg through the pulmonary membrane and the volume 
of blood flow m the pulmonary circuit, the degree of saturation vary- 
mg directly with the total amount of oxygen diffusmg and inversely 
with the volume of the circulation It was proposed that m moderate 
exercise of normal mdividuals, at sea level, the amount of oxygen 
diffusing IS more than suffiaent to compensate for the increasing 
circulation rate However, when the exertion is of an exhaustmg 
character, the volume of blood flow may increase to an extent pro- 
portionately greater than the inacase in oxygen diffusion It is the 
purpose of this study to follow the variations m the saturation of 
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hemoglobin occurrmg m the lungs when the vanous factors involved 
m the process are changed by disease 

EXPERIMENTAL 

The present report is concerned with the response of several ab- 
normal mdmduals to exerase Nme patients were studied, one with 


TABLE 1 

Oxygen content, oxygen capacity, and saturolton of hemoglobin, bifore, during and after 
short periods of exercise in patients 


Disease 

PaUent 

Date 

Oxygen 
content of 
arterial 
blood 

Oxygen 
capacity 
of arterial 
blood 

Percentage 
saturation 
of hemo- 
globin 

Before 

cxcrci5« 

After 

exercise 

Before 

exercise 

S 

hi 

Before 

exercise 

After 

exercise 

f 

William R. 

October 31, 1922 

17 4 

19 1 

18 3 

21 1 

95 

90 


Wilham R 

November 16, 1922 

19 3 

21 1 

20 6 

21 5 

94 

98 


John O’R 

July 26, 1923 

IS 0 

15 3 

15 6 

17 I 

96 

89 


John O’R 

August 2, 1923 

16 1 

16 6 

17 0 

18 2 

95 

91 

Anemia 

Antonia 0 

August 29, 1923 

8 7 

9 7 

9 1 

EEE 

96 

92 


Patrick M 

July 31, 1923 

6 1 

5 5 

6 3 

6 3 

97 

87 


Patnek M 

August 1, 1923 

5 6 

4 8 

5 6 

6 1 


79 


Tony G 

August 10, 1923 

17 7 

18 7 

19 3 


92 

90 


Tony G 

August 20, 1923 

17 8 

18 3 

18 5 

21 3 

96 

86 

( 

TWUiam Ru 

July 19, 1923 

win 

21 3 

21 4 

22 5 

95 

95 

Emphysema ■{ 

Joseph B 

August 8, 1923 

19 5 

19 7 


21 6 

95 

91 

1 

John L 

August 9, 1923 

17 5 

5 2 

22 4 

22 6 

78 

23 

Tuberculosis 

Santos C 

August 3, 1923 

12 5 

12 3 

13 2 

14 6 

93 

84 


diabetes, three with anemia, one with auricular fibnUation before and 
after the normal heart rhythm had been restored by qumidm, three 
with varymg degrees of emphysema and one with chrome pulmonary 
tuberculosis and secondary anemia In all, thirteen observations 
were made Protocols of the analyses and case records may be found 
at the end of the paper The procedures and technique were similar 
to those employed m the experiments of Barr, Hunwich and Green 
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(5) AU work was done on a bicyde ergometer about four hours 
after a bght breakfast One brachial artery was punctured about 
two minutes before exercise, the other about an equal length of tunc 
after the work was completed The blood was analyzed for oxygen 
content and capaaty by the method of Van Slyke and Stadie (6) 
The error of the method is 0 5 volumes per cent The results are 
given m table 1 

Diahetes The two observations were done madentally in the 
course of other work and are mentioned as evidence concemmg the 
reaction of debihtated mdividuals to exertion and not m any sense as 
examples of a specific eflfect of diabetes In WUham R there was no 


TABLE 3 

Oxi [at content, exy^en capdi^tv and saturation of hemogjohn htfort, during and after jkort 
periods ef exercise tn normal tstdinduals 


Sobiect 

Date 

OxTSeo cooteat 
of titerUl blood 

OtyieD apadtjr 
of sjterUl bkod 

rtraVof 
E— ro™ of 
lr-=r^ 

1 

(Q 

1 


1 

n 

s 

0 

< 

i S i 

D P B 

ipi: 

August 8 

19 7 


21 4 

20 5 


t 

2l< 

t c? 

H.E a 

August 10 

18 0 

19 7 

19 7 

19 1 




D P B 

August 15 

19 9 


22 7 

21 3 


-•^■7 - ^ 

t) P B 

October 17 



22 7 

22 1 



H.E H 

October 27 

20 0 

21 2 

20 9 

21 I 

* _ 

S-' 


external evidence of cardiac or respiratory discs? 
either observation The general physical condiaar 
greatly on the two days of expenmentatiOD ter 
exercise was done at a tune when he was phrfe.” “ 
was much sugar (28 grams m 24 hours) in rs ~ 
the saturation of hemoglobm in his arterial 2 ~ 
ished as the result of work In the seccEu 
16th) his health had improved and all slxxct ^ 
unne Although the amount of work te r'”’* 
normal person with a shght mcrease ir Ssr 
the exertion 
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Anemia In considering the results m anemic patients it must 
be remembered that with blood of low oxygen capaaty the effect of 
any error m analysis is exaggerated The chance of gaming a false 
impression from a limited number of observations is therefore greater 
with anenuc blood than with normal Nevertheless it is surpnsmg 
to find that there was, in every observation m anenuc persons, a 
dmnnuation of the saturation of hemoglobin of the arterial blood 
foUowmg exerase This was slight m two patients but was marked 
m both observations of the third 

Annciilar ftbrillahon Two observations were made on Tony G 
Dunng the first the patient’s heart was fibnllatmg He did moder- 
ately severe work for two nunutes with no essential change m the 
oxygen saturation of hemoglobm m the arterial blood Ten days 
later an equal amount of work was done when conditions were ap- 
parently sinular except that as a result of quimdm therapy the pa- 
tient’s heart was regular In the second observation there was 
a distmct fall in the saturation of hemoglobin 

Tnberctdosts Santos C had an extensive fibroid pulmonary tuber- 
culosis mvolvmg the entire left limg and the upper lobe of the nght 
He also had a marked secondary anenua (12 5 volumes per cent oxy- 
gen capaaty) While resting, the saturation was normal, within the 
limits of error, 93 per cent After a moderate amoimt of exertion, 
the arterial saturation was only 84 per cent 

Emphysema None of the three subjects had any obvious circula- 
tory difficulty at the time of the observtions William R had a 
definite though not very severe type of emphysema Dunng rest 
the saturation of hemoglobm of artenal blood was normal, a condi- 
tion which was not changed by a moderate amount of exerase Joseph 
B had a more obvious emphysema, but while resting had a normal 
saturation of hemoglobm Followmg a smaller amount of work the 
saturation was dimmished 

John L was sufienng from a more advanced degree of emphysema 
At rest he was cyanotic Dyspnea was apparent both m mspuation 
and m expiration In three different samples taken at rest the satura- 
tion of hemoglobm m his artenal blood was approximately 80 per 
cent With a small amount of exercise (only 1594 kilogram meters 
m 3^ nunutes), a remarkable result was obtamed The hemoglobin 
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saturation of the artenal blood fell from 78 per cent while resting to 
23 per cent 1 to 2 mmutes after esernse The oxygen content of 
artenal blood fell from 17 5 to 5 2 volumes per cent The restmg 
artenal hemoglobm saturation m this patient was about that of 
normal mixed venous blood while the artenal saturation after exercise 
was far below any values previously reported 
Table 2 presents the results on normal mdividuals and is reproduced 
here for comparison The saturation of hemoglobm increased m 
exercise It is apparent that the patients reacted m a manner differ- 
ent from that of normal persons Though only a few patients were 
studied and the vanations m the saturation of hemoglobm before and 
after exerase were small, still it may be stated that m diseased sub- 
jects the saturation fell after exerase 
In attemptmg to throw hght on the mechanisms mvolved m pro 
ducmg these changes it may be pomted out that m the tuberculous 
subject and m the patient with the advanced emphysema there must 
obviously have been difficulty in the diffusion of gases m the lungs 
which would lead to mcomplete saturation of the hemoglobin of the 
blood m the lungs In Harrop’s patients (3) with polycythenua vera 
no abnormalities in the lungs were found on physical examination 
but he was able to determme a decreased permeability of the alveolar 
membrane to gases which he considered a probable cause for the 
diminished saturation of hemoglobm after exerase 
In the patient with cardiac decompensation many factors may have 
been instrumental m producmg the final result Pulmonary con- 
gestion and other factors might interfere with diffusion m the lungs 
thus dumnishmg the saturation of hemoglobin while a slower circula- 
tion rate imght have the reverse effect (Lundsgaard (7), Blumgart 
and Weiss (8) ) It seems possible that the decreased saturation of 
the hemoglobm with work, after qiunidm therapy, may have been due 
to an increased circulation rate on the restoration of the normal rhythm 
of the heart In the observation on the diabetic when severely 
lU and on the anemic patients, due to lack of evidence of defimte 
changes m the lungs, the lowered saturation of hemoglobm is imputed 
to the same condition which causes a decreased saturation of hemo- 
globm on exhausting exertion of normal subjects, namelj , an increase 
m the arculation rate when the volume of oxygen diffusing through 
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the pulmonary membrane has reached a maximum The genesis of 
this condition was considered in the previous paper (1) It may suffice 
to say here that one of the factors causmg increased diffusion of oxy- 
gen m the lungs is a decrease in oxygen tension of the venous blood 
and the latter must speedily come to its lower limit durmg exercise 
for even at rest the venous blood is qmte unsaturated in severe anemia 
(Limdsgaard (9), Barr and Peters (10)) 

An increased amount of oxygen in the inspired air rmght have 
raised the saturation of hemoglobin m the artenal blood of the pa- 
tients durmg exercise and thus have produced a benefiaal effect 
Perhaps the situation here is similar to that observed by Bnggs (11) 
who noted that the endurance of imtramed man was increased on 
breathmg oxygen while oxygen was of little aid to the tramed athlete 
unless he carried exertion to the pomt of exhaustion Perhaps in the 
untrained man, as in the sick subject, circulation rate is increased dis- 
proportionately to the volume of oxygen diffusmg in the lungs 

SUMMARY AND CONCLUSIONS 

1 Thirteen observations have been made during rest and after 
exertion on rune patients suffering from a vanety of pathological 
conditions 

2 Asa result of exercise, in eleven observations, there was a dmimu- 
tion m the degree of saturation of the hemoglobm in the artenal 
blood In a patient with severe emphysema, the saturation fell from 
78 per cent to 23 per cent with only shght exertion In five of these 
eleven observations the oxygen content of artenal blood remamed 
stationary or was dimmished m spite of an mcrease m oxygen capacity 

3 These results are directly opposed to those upon normal mdivid- 
uals who, domg equal or greater amounts of work, have always shown 
an mcreased saturation of hemoglobm with oxygen and a higher artenal 
oxygen content, but are similar to those obtamed with normal mdnnd- 
uals domg much longer and more fatiguing amounts of work 

4 The eiqienments indicate that m lU and debihtated mdividuals 
durmg exertion the volume of oxygen diffusmg through the pulmonary 
membrane is not enough to saturate the hemoglobm of the blood m 
the lungs This suggests that the pulmonary mechanism may be a 
limiting factor m exercise — a factor which explains in part the m- 
ability of sick people to withstand exertion 
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CASE RECORDS 

Cojc 1 William R Moderate diabetes Age 29 years. Grocer’s clerk. 
First noticed symptoms In July, 1922, when sugar was found in urine Lost 40 
pounds from July to October, 1922 On admission October 2nd his eight was 
98 pounds Unne examination showed sugar 4- + + +, and a trace of diacetic 
acid Except for emaciation physical examination was negative Blood sugar 
on admission was 464 mg per cent On October 30th, diet supposedly was car 
bohydratc 15 grams, protem 15 grams fat 90 grams, but the patient imdoubtedly 
VTis breaking diet Twenty four hour unne ontalned 28 0 grams of sugar 
Reaction to exercise studied October 3l8t On November Sth was transferred 
to metabohsm ward where conditions were carefully controlled DietfromNovcm 
her Sth to 10th, carboh>drate 15 grams, protein 15 grams fat 90 grams, sugar in 
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24-hour specimen fell from 96 5 grams on November 6th to a trace on November 
lOth Total acetone m unne fell from 8 8 grams on November 6th to 3 2 grams , 
on November 10th 

Case 2 John O’R Possible perntctoiis anemia Age 55 years Pohceman 
Six weeks before admission had noticed dizzmess, weakness, dyspnea on exertion, 
indigestion (retchmg) , and yellow color of face and loss of 20 pounds Previously 
be had always been athletic Admitted June 6, 1922 Physical examination 
revealed a well-developed man with pasty color of face and pale mucous mem- 
branes Chest showed no abnormahty Arteries were shghtly thickened Test 
meal disdosed no free hydrochlonc aad m stomach X-ray exanunation of gastro- 
mtestmal tract was negative Stools negative for blood, and Wassermann nega- 
tive Red blood cells 1,184,000 Hemoglobm 36 per cent at time of admission 
On Ju y 24th hemoglobm was 60 per cent First reacbon to exercise was studied 
on J'uly 26th On July 30th, hemoglobm was 75 per cent, and on August 2nd, 
second obsen'ation on exercise nas made At time of observation, weight was 
69 4 kg and height 185 cm West’s factor, surface area m health X 2 5, was used 
for calculatmg the vital capacity (see West, H F , Arch Int Med , 1920, xxv, 
306) Calculated vital capacity, 5250 cc Observed vital capacity, 4800 cc 

Case 3 Antonia 0 Banh’s disease? Age 32 Nabve of Uruguay History 
of excessive use of alcohol Chief complamts were weakness and vomitmg of 
blood which began one year ago Smee admission (June 6, 1923) bad brought up 
coSee-grounds vomitus twice and passed both bright and dark colored blood m 
stools Red blood cells 1,500,000 Hemoglobm (Tallquist) 20 per cent Physi- 
cal exanunation — mucous membranes pale, heart normal except for blowmg 
systolic murmur Blood pressure 92 mm mercurj' systohe, 44 mm mercury 
diastohc Liver was two mches below costal margm, firm and not tender On 
August 27th, 8 quarts asatic fluid were removed from abdomen On August 29th, 
exercised on bicycle ergometer Weight 62 4 kg Height 166 cm Calculated 
vital capaaty 4230 cc Observed vital capaaty 3200 cc 

Cased Patrick M Pernietous anemia Age 62 Bom m Ireland Gradual 
onset of d}^nea on exertion, weakness, loss of appetite At tune of observabon 
there was mtenmttent epigastric pam, insomnia and noctuna three to five times 
Best weight 184 pounds Physical exammahon — ^pale yellow skm, short thickset 
man with prognathous ]aw Chest well developed Heart negabve except for 
short blowmg systohe murmur not transmitted Pulse rate varied from 70 to 90 
per mmute X-ray of chest was negative Blood picture, June 5th, red blood 
cells, 2,400,000 Hemoglobm (Tallquist) 35 per cent White blood cells 8,500 
Blood pressure 110 mm systolic, 80 mm diastolic Reaction to exercise studied^ 
July 31st and August 7th Weight, 71 6 kg Height, 166 cm Calculated vital 
capaaty, 4500 cc Observed vital capaaty, 3400 cc 
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Case 5 Tony G Aurtadar JibrdlaUon Spaniard, age 30 On April 7th 
was admitted into hospital with lobar pneumonia. Left hospital cured in eighteen 
days After working for two weeks noticed that his heart was -very rapid and 
was forced to stop work because of pain down left arm On readmission June 
18th, heart wtis regular at 150 beats per minute, and generally enlarged with 
pomt of maximum impulse m sixth intercostal space Electrocardiogram dis- 
closed no abnormality except tachycardia On July 9th heart became completely 
Irregular Patient was readmitted August 2nd with a wholly irregular heart and 
a pulse deficit Reaction to cxennse studied August 10th. August 18th qumidm 
therapy was started On August 19th had palpitation for two hours foUowing 
which there was sudden return to regular rhythm of the heart at rate of 100 The 
patient had received 2 4 grams of qumidm by August 20th and his pulse was regu 
lar at 69 beats per minute. Reaction to exerdse was studied on this day Weight 
86 7 kg Height 160 cm Calculated vital capacity, 4750 cc Observed vital 
capaaty before and after qumidm 3500 cc. 

Case 6 Santos C Chronxc pulnwnary tuberculosis Age 28 Two years ago 
began coughmg and glands m left axilla became swollen On operation the> were 
found to be tuberculous Three months later glands m neck became swollen 
Two months ago there began hemoptysis, night sweats, pain over left chest, 
dyspnea on exertion Was admitted to hospital June 18th with enlarged glands 
m left aril In. and neck and discharging sinuses At this time afebrile pulse rate 
varied between 80 and 88 beats per minute Physical and x ray examinations 
revealed fibrosis and mfiltration throughout entire left lung and fibrosis of right 
upper lobe Blood picture red blood cells 4,240 000, hemoglobin 65 per cent 
Weight690kg HcightlSlScm Calculated vital capacity, 4750 cc Observed 
vital capaaty, 3200 cc. 

Case 7 William Ru Anyina pedons, uuld diabetes and emphysema of four 
years duration Age 53 Entered hospital July 13th, 1923, because of anginal 
attack of one week s duration, with pam radiating down left arm WTule in 
hospital, routme exammation of urme disclosed diabetes of mild degree. Sugar 
+ +, no acetone, nor diacctic odd in urme Sugar m blood 200 mg Carlxin 
dioxide combinmg power of plasma 45 volumes per cent Both the angma and 
the evidences of diabetes rapidly subsided- The patient s reaction to exerdse 
was studied July 19, 1923 On physical examination the patient was slightly 
dyspneic and orthopneic The chest was large and barrel shaped, hyperresonant 
to percussion The breath sounds were obscured long musical murmurs and 
expiration was difficult and prolonged Fluoroscopic exammation showed a 
normal arch and a heart enlarged to nght and left. The lungs were negative and 
the costophrcnic sinus was dear eight 76 kg Height 169.5 on Calculated 
vital capaaty 4680 cc. Observed \ ital capaaty 2900 cc 
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Case 8 Joseph B Emphysema Age 43 Emphysema(?) starting at age 
of 23 Asthmatic attacks for five years, better in summer, worse in winter, 
caught cold easily and was sensitive to chicken feathers Patient was short and 
obese with cyanosed face, hands and feet, and an expiratory dyspnea Chest was 
large, hyperresonant with sibilant and sonorous rhonchi Vocal fremitus was 
transmitted to surface of chest Sputum contamed eosmophiles and no acid-fast 
baolh X-ray of chest show ed sclerosis of aortic arch and heart enlargement to 
left, emphysema, no tuberculosis Weight 86 7 kg , Height 160 cm Calculated 
vital capacity, 5220 cc Observed vital capacity, 1700 cc 

Case 9 John L Emphysema Age 49 For last 13 years there was mcreas- 
mg dyspnea especially on exerbon and a loss of 32 pounds in weight Pabent 
was a heavy drmker and smoker Physical exammation disclosed marked cyanosis 
of lips and fingers, orthopnea and dyspnea which was both expiratory and mspira- 
tory Accessory muscles of respiration were used but chest expansion was very 
poor and chest wall was rigid The chest was hyperresonant Vocal fremitus 
and voice sounds were transmitted to surface of chest and breath sounds were 
poorly heard There were a few dry r31es over chest Heart, left border fifth 
mtercostal space, 9 5 cm from midstemal hne Sounds of fair quahty and regu- 
lar Fluoroscopic and x-ray exammation — lungs emphj'sematous, thorax ele- 
vated as one piece, mtercostal spaces wide, diaphragm descended shghtly on 
both sides (marked limitation) No evidence of fluid or adhesions or masses m 
mediastmum Aorta and heart were normal Increased fibrous tissue produebon 
in bronchial wall Diagnosis — chronic bronchitis, emphysema Weight 71 8 
kg Height 183 cm Calculated vital capacity, 5220 cc Observed vital 
capaaty, 3100 cc 
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INTRODUCTION 

There is a general agreement of opmion that digitalis increases the 
output of the heart per unit of tune This opinion is based m large 
part upon pharmacological expenments upon animals Although m 
some of these experiments, as Cohn (1915) has pomted out, the dose 
was greater than that administered to patients there is httle doubt 
that m animals which have been subjected to operative procedures the 
output of the heart is mcreased by digitahs The careful studies of 
Wggers (1927), to which further reference wiU be made, have recently 
added support to this generally held opmion 
It IS also generally considered that the famihar manifestations of 
heart failure are brought about by a reduction m the output of the 
heart per mmute Because of this conception of heart failure and be- 
cause of the favorable results following the administration of digitalis 
to patients with heart failure, it has been assumed by many observers 
that digitahs increases the output of the heart m patients Neverthe- 
less Harrison and Leonard (1926) observed a dirmnution m the output 
of the intact dog's heart after the administration of digitahs m doses 
calculated to be of the same order as those given to patients This 
dumnution occurred m all the dogs studied, both narcotized and non- 
narcotized This reversal of previous findmgs has such significance, 
not only as regards the conception of digitahs action but also as apphed 
to enstmg theones of cardiac faflure, that a study of the effect of 
digitalis upon the output of the human heart seemed worth while 
Direct measurements of the output of the human heart before and 
after the admmistration of digitalis have been made only by Eppmger, 
von Papp and Schwartz (1924) Their smgle subject, who was suffermg 
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from heart failine, showed a fall m cardiac output during a penod of 
clinical improvement which followed the admmistration of digitahs 
For reasons which wiU presently be discussed, however, it is beheved 
that measurements of the cardiac output by existmg methods m per- 
sons with congestive heart failure are to be looked upon with scepti- 



Fig 1 CtTRVE Showing the Eitecx of Digitalis upon the Output of the 

Heart of Subject 1 

In this and m subsequent figures the p)omts surrounded by curcles indicate 
determinations made during penods of nausea 

asm Cohn and Stewart (1924) studied the effect of digitahs in 
patients by means of a movmg x-ray film They observed an in- 
crease m the amphtude of the left ventricular excursion after digitahs 
m 4 subjects suffering from heart disease No other observations 
seem to bear directly on the problem of the effect of the drug on the 
cardiac out-put of man 
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METHODS 

The output of the heart was observed before and after the administration of 
digitalis leaf of hnown potency fn a series of normal men During the studies, 
observations were also made of changes m “basal” pulse rate and other changes 
were recorded The output of the heart was measured by the method of Field, 
Boch, Gildea and Lathrop (1924), a method which requires no punctures of blood 
vessels and therefore lends itself to repeated application to the same subject It 
mvolves the determination by respiratory methods of the carbon dionde tension 
in the blood entering and leaving the lungs and the measurement of the total gas 
exchange by the gasometer method During the necessary procedures, 8 to 12 
half minute counts of the pulse rate were made, the average of these counts is 
designated the “basal pulse rate ” 
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Care was exercised to malntam the conditions of the eipenment as uniform as 
possible from day to daj All observations were made in the mommg with the 
subject in the post-absorptis'e condition The subject rested m a rechnmg posi- 
tion in a wheel chair for 30 to 45 minutes before the eipenment, his position in 
the chair was not changed dunng an experiment or from day to day Fluctuations 
of room temperature were kept at a minimum 
The usual procedure was to train the subject in the necessary respiratory meas- 
ures on one or two occasions before his caniiac output was actually determmed 
The control observations were made on successive daja until an apparentlj nor 
mal level was established. If, as was sometunes the case, the first one or two 
experiments gave higher values than subsequent ones these high figures were 
discarded. 
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Digitalis leaves were given by mouth The initial dose was usually one gram, 
and this was followed by smaller daily doses (0 2 to 0 8 gram) untd a stage of un- 
doubted digitalis effect was reached, as judged by changes m the pulse rate and 
the electrocardiogram, and by the occurrence of nausea Observations of cardiac 
output and of basal pulse ratewere made daily durmg the penods of admmistration 
and of maximum eSect and at slightly longer mtervals dunng the recovery penod 
Five such experiments were carried out upon four mdividuals In the case of 
the mdividual who was studied twice a period of two months elapsed between the 
last dose of digitalis m the first study and the beginnmg of the second 



Fig 2 Cusve Showing the Eefect of Digitaiis upon the Output of the 

Heart of Subject 2 

RESULTS ^ 

The observations on the output of the heart are summanzed in 
Tables 1 to 5, and represented graphically m figures 1 to 5 

The tables also record the observations upon the difierence m the 
carbon dioxide contents of venous and arterial blood (A-V difference) , 
the excretion of carbon dioxide per minute ( COj permmute) , theoutput 
of the heart per min ute, the pulse rate, the output of the heart per 
beat, the external respiratory quotient (RQ), and the basal meta- 
bohc rate (B M R ) 
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The ontput of the heart 

Analysis of the tables and figures indicates that the care given to 
maintaining nearly identical conditions in successive experiments 
succeeded m its object, as the subjects had relatively stable outputs 
durmg the control observations Followmg the administration of the 
first gram of digitalis leaf there was usually no defimte change The 
mgestion of the second gram was m each case followed by a shght 
dimmution m the output of the heart and succeeding doses were fol- 
lowed by a further reduction 
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TOth the occurrence of nausea, however, in each case the output of 
the heart mcreased toward the pre-digitahs level, and m one mstance 
(fig 3) actually exceeded that level Wth the onset of nausea the 
admmistration of the drug was discontinued The first subject (table 
1, fig 1) was studied only up to this point, i e , the occurrence of 
nausea and the return of the cardiac output toward the pre-digltahs 
level The other subjects were observed throughout the penod of 
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nausea and the later period of diminishing digitahs efFect These 
subjects durmg the penod of nausea contmued to have a cardiac out- 
put httle if any below their usual levels With the subsidence of the 
nausea, however, there occurred m 3 mstances out of 4 a second penod 
of diminished cardiac output, m which the reduction was comparable 
to that observed during the mitial digitahs effect The other subject 
(fig 5) received a smaller dose than the others and had shght nausea 



Fig 3 Curve Showing the Effect of Digitalis upon the Output of the 

Heart of Subject 3 

for only a few hours In his curve the rise usuallv associated with 
nausea is not present 

FoUowmg this secondary drop the curve m each case returned to the 
pre-digitahs level or shghtly below it The return to the zone of 
cardiac output usual for the mdividual occurred m from 11 to 14 days 
after the cessation ot digitahs admmistration 
Table 6 and figure 6 represent the results of an arbitrary division of 
our expenments mto 5 penods or phases, as follows 


1 Before digitalis 

2 Between the first dose and the onset of nausea 
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3 The duration of niusea 

4 Between the termination of nausea and complete recovery 

5 Recoveiy 

The division was suggested bv the occurrence of phases m the curves 
corresponding to these periods This grouping of results serves to 
emphasize the change already noted and to penmt the calculation of 
the average change m cardiac output produced digitalis Figure 6 
shows the average results the average fall during the period of admm- 
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istration H'as to 84 per cent of the normal leiel During the penod of 
nausea the cardiac output was 94 per cent of the volume before 
digitahs, but with the subsidence of nausea it fell to 82 per cent, to re- 
turn ultimately to 96 pier cent of the previous level That the output 
of the heart remained, even after the lapse of weeks, somewhat below 
the pre-digitahs level, may be ascribed to greater cobperation and less 
effort on the part of the subject 
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Fig 4 Curve Showing the Efeect of Digitalis upon the Output of the 
Heart of Subject 2 (Two Months after He Received Digitalis 

Previously) 



Fig 5 Curve Showing tee Effect of Digitalis upon the Output of the 

Heart of Subject 4 
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The pulse rate 

In each of the five experiments there occurred a definite drop m 
the basal pulse rate The difference between the average pulse rate 
during the control experiments and those during the imtial digitalis 



Fig 6 The Percentage Change in Cardiac Output during Successive 
Phases of Digitalis Effect 

effect varied from 5 to 12 and averaged 7 beats per mmute The onset 
of nausea was assoaated with an acceleration of only 1 or 2 beats per 
mmute, and its subsidence with a fall to the lowest level observed m 
each case Figure 7 is a graphic portrayal of the average pulse rates 
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before digitalis and during successive weeks aft,er its administration 
It wiU be seen that there is m each case a fall and then a gradual 
return to the normal level, which is usually reached m the fourth week 
The effect on the pulse rate thus outlasts the effect on the cardiac 
output 


The output of the heart per heat 

The dimmution m the output of the heart per mmute is relatively 
greater than the fall m pulse rate Hence there must be a dimmution 
m the systohc output, that is to say, the output per beat, as may be 
seen in tables 1 to 6 The penod of nausea with mcrease m output 

.Pout Bah 
VtnturAvnACi 




■ 



■ 

B 

a 

a 

a 


a 


a 


a 

a 

a 



























■ 


a 


■ 

■ 



a 

a 

R 

a 

a 

a 







■ 

■ 



■ 

a 

■ 


a 

a 

a 

a 

a 

a 







■ 

■ 



a 

a 

a 


a 

a 

a 

a 

a 

a 







■ 

■ 



a 

a 

a 


a 

a 

a 

a 

a 

a 







■ 

■ 



a 

a 

a 


a 

a 

a 

a 

a 

a 






■ 

M 



a 

a 

a 


a 

a 

a 

a 

a 

a 



Fig 7 The Effect of Digitalis on the Basal Pulse Rate 

per minute toward the normal level and the contmued slow pulse was 
sometimes associated with an output per beat m excess of the one 
usual for the mdividual The secondary drop in cardiac output, 
however, was accompanied by a correspondmg fall m the volume ex- 
pelled by the heart per beat 

The electrocardiogram 

The galvanometric traangs showed m each case a flattenmg of T- 
waves m aU leads In one case Tj became diphasic Smus arrhy- 
thmia became more marked The P-R mterval was not prolonged 
more than 0 02 second m any traemg 
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Subjecttve ejffects 

Each individual expenenced nausea, lasting m different instances 
from 1 to 10 days None vomited, all suffered a greater or less degree 
of anorexia All complamed of a cunous and mdescnbable -depres- 
sion of spirits and actmty, which outlasted the nausea None had 
diarrhea 

Blood presstm 

No consistent changes m either systohc or diastolic blood pressure 
were observed 


Basal melaholtc rale 

As IS usually the case when tramed subjects are studied the basal 
metabolic rates were uniformly low In several cases the lowest rates 
observed were obtained during the penod of maximum digitalis effect 
but the changes were too slight to have sigmficance 

DISCUSSION 

The output of the heart per minute under ordinary conditions of 
life IS a constantly changing value It changes with position, with 
temperature, and it changes tremendously with mcreased oxygen con- 
sumption durmg exercise It is therefore somewhat surpnsmg that 
digitahs, which affects cardiac activity both by durect myocardial 
action and through the nervous system, should produce such relatu'ely 
small changes in the output per minute Certamly if the drug may 
produce an increase m the output of the normal heart one might expect 
unmistakable evidedce of it m such experiments as these Such an 
increase was not, however, observed, on the contrary there was in 
each case a definite decrease, and that decrease was observed m a 
group of subjects whose cardiac output was already as low as rest, 
fasting, and trammg could brmg it The decrease was not large but 
strikingly consistent when the normal vanation in cardiac output and 
the possibilities of technical error are considered 

It IS difficult to reconcile these observations and those of Harrison 
and Leonard with the cardiodynamic studies of Wiggers This in- 
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vestigator, using optical methods of registration, studied the effect of 
chgitalis upon the mtraventricular pressure curves under carefully con- 
trolled conditions He concludes that digitalis acts as a cardiac 
stimulant, that is, it improves the contractile force of the ventricular 
beat and increases the systolic discharge The possibihty must be 
considered, however, that even the same pharmacological effect upon 
cardiac muscle might produce a different effect upon the output of the 
heart of an animal which has been subjected to severe operative pro- 
cedures and upon the output of the heart of a normal human subject 
If the same pharmacological effect upon heart muscle can produce 
different effects upon cardiac output m different states of heart 
muscle, it IS then unsafe to apply our conclusions directly to an analy- 
sis of the effect of digitalis upon the cardiac output of patients suffermg 
from heart failiue For example, a drug which hy increasing the tonus 
of heart muscle diminishes the output per beat of a normal heart 
might by an exactly similar action on the muscle mcrease the output 
per beat of a dilated and uisuffiaent heart Therefore, until some 
method for the determination of cardiac output has been shown to be 
trustworthy m patients with heart failure the most important applica- 
tion of this concept of digitalis action must be made, if made at aU, 
upon the basis of mdirect evidence 

The experiments of Cohn and Stewart fl924) present mdirect evi- 
dence that the output of the heart is mcreased by digitalis, as their 
x-ray observations demonstrate an mcreased amplitude of the ven- 
tricular excursions following the admmistration of digitahs Smce 
there was no measurable diminution in the total size of the hearts 
studied this is evidence of mcreased output although the changes are 
very small Their subjects, however, were patients with heart dis- 
ease, and that mtroduces complications which make their experiments 
not comparable with ours 

Reliable current methods such as those devised by Plesch (1909) , 
Ejogh and Lmdhard (1912), Douglas and Haldane (1922), Field, 
Bock, Gildea and Lathrop (1924), BuTwell and Robmson (1924), all 
depend upon eqmhbnum between a gas or gases m the alveolar air 
and those m the pulmonary capillaries Under the conditions imposed 
by pulmonary congestion such an equilibrium may be impossible to 
attain (Peters and Barr (1921)) 



C S BTOWEIi, DE W NEIGHBOHS, AND E M EEGEN 139 

Blumgart (1927) has studied the vctoaty of blood flow before and 
after the admimstration of digitalis to normal men, and finds that 
there is no substanUal change This observation, whether compared 
with the concept of digitalis as mcreasing or as decreasing cardiac out- 
put, suggests that veloaty and volume do not necessarily vary to 
gcther They need not vary together of course if there is a coinadent 
change in the volume of the circulatorv fluid Such changes m volume 
might be brought about by the effect of digitahs upon the vessels, an 
effect which Gottlieb (1924) and others beheie to be of great impor- 
tance 

The significance of the change m cardiac output assoaated with 
nausea is not known Durmg the period of nausea three subjects had 
also a slight average mcrease m the basal metabohc rate Both 
changes may be assoaated ivith the discomfort of the sensation 

SDUUARY 

In a small senes of normal men the administration of from 1 4 to 
2 7 grams of digitalis leaf was followed by a diminution in the output 
of the heart pier minute and per beat, and m the basal pulse rate 
This dinunution was comparable to that found bv Hamson and 
Leonard (1926) after the admmistration of digitalis to normal dogs 

When nausea was produced by digitalis there was a tendency for the 
cardiac output per minute to return toward the normal level The 
pulse rate remamed slow at this time so that the output per beat often 
mcreased to above the amount usual for the individual The subsid- 
ence of nausea was accompanied by a second penod of diminished 
cardiac output 
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Recent contributions to the study of hemoglobin regeneration m 
secondary anemia have laid stress on the therapeutic value of natural 
food products ( 1) (2) These reports have led to the mdiscrrminate 
administration of glandular organs, notably hver, to patients who had 
some form of secondary anerma 

The present investigation was undertaken m order to determine the 
exact rflle of iron salts in hemoglobm formation in long standing 
experimental anerma, and to study the effect of feeding beef liver 
on hematopoietic activity The exhaustive and well-controlled ex- 
periments of Whipple and his assoaates have advanced our knowledge 
greatly However, the use of a wide vanety of food products and the 
attempts to control the metabolism of pigment, and blood cell 
stroma, have mtroduced an element of unccrtamty with regard to the 
quantitative effect of uxin in bone marrow activity 

In experimental work of this tj^ie the factor of relative depletion 
of the body iron reserve cannot be over-emphasized An adequate 
vitamm mtake must be assured m order to maintam a healthy bone 
marrow (3) In the matter of iron depletion, years of cbnical ob- 
servation have demonstrated that m prolonged hemorrhage, from 
whatever cause, the adnunistration of some form of iron is directly 
benefiaal, without necessarily having a speafic stmiulatmg effect upmn 
the bone marrow itself IVhipple and Robscheit-Robbms (2) have 
stated that the feedmg of hver had a well-marked effect upon hemo- 
globm regeneration In attemptmg to confirm this observation it 
seemed plausible to substitute for glandular organs an adequate 
supply of vitamm in the diet, and to study the effect of adding and 
withholding iron salts 
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The general plan of study followed the methods of Whipple and 
Robscheit-Robbms, but several modifications will be described Dogs 
were fed the basal bread mixture (C) (4), substituting for the salt 
mixture 500 cc of whole milk to the daily ration This insured the 
presence of an adequate amount of vitamin B Facihties were not 
available to determine the iron content of the diet, but it was probably 
qmte low Prelirmnary experiments were earned out by feeding the 
onginal bread mixture of young rats previously depnved of vitamin 
B When the bread was fed, the resultmg growth curves showed a 
definite lag m the weights of the animals, as compared with the con- 
trols The addition of milk had a further advantage for the animals 
consumed the bread mixture completely 
Plasma volume estimations were omitted, because the dogs were 
bled at intervals of at least two days, this is considered ample time 
for readjustment of the blood volume foUowmg moderate hemor- 
rhage The amount of blood withdrawn each time depended upon the 
hemoglobm percentage found at the time of the previous bleedmg 
After some expenence, the size of the hemorrhage necessary to keep 
the hemoglobin level at about 50 per cent could be estimated The 
amoimt of blood withdrawn vaned from 30 cc to 300 cc The small 
samples of blood taken between the larger bleedmgs were helpful m 
determmmg the rate of hemoglobm regeneration and m deadmg upon 
extent of the succeedmg hemorrhage As the protocols show, the 
larger hemorrhages were produced at fairly long intervals 

Hemoglobm determinations were made by the oxygen capaaty 
method of Van Slyke and Stadie, the value of 18 5 volumes per cent 
bemg used as a standard, with 13 8 grams of hemoglobm per 100 cc 
of blood Red blood ceU counts and reticulated cell counts were 
made by standard methods when m^icated Blood was drawn under 
oil from the femoral arteries, without exposmg the vessel and without 
stasis, dry potassium oxalate bemg used m just suffiaent quantity to 
prevent coagulation (0 2 per cent) 

The periods of experimental feeding were usually ten days in dura- 
tion when hver, thymus, and commeraal nucleic aad were used 
An observation period of twenty days was usually allowed m which 
to note the latent effect of the food upon hemoglobm regeneration 
Iron was admimstered usually m the form of feme citrate m amounts 
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of 0 8 gram daily, dissolved m water and mixed with the diet This 
amount was chosen m order to provide a defimte excess of the mmeral 
without produang toxic symptoms In two experiments ferrous 
carbonate was used In contrast to the method of feedmg hver, the 
administration of iron salts was contmuous throughout the expen- 
mental penod 

The experiments were planned to show the efiect on hemoglobm 
regeneration of (1) adequate iron mtake m combmation with hver, 
(2) hver feedmg m the presence of iron depletion, and (3) the effect of 
iron salts alone 
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Raic of kemogtobin regcneroUon vrhm tron vtw added to the basal bread ptixiure 


M 



Avtrm^e 

wdthlof 

dog 

HtmofitoWn 

■ 

Dajn 

Added to tUet 

Tout 

Finn 

Gnms 

pertUy 

Or»mi per 
Utoera^mof 
aoimtl 
per d«y 

s 

38 

Ferric citrate 

if* 

13 63 

84 0 

2 21 

0 162 

3 

40 

Ferric citrate 

12 72 

68 8 

1 72 

0 135 

69 

35 

Eemc citrate 

15 23 

82 5 

2 357 

0 155 

72 

25 

FeCOi — 0 6 gram 

15 05 

47 0 

1 88 

0 121 

4 

47 

Ferric atrate 

12 8 

101 0 

2 149 

0 175 

70 

37 

Feme atrate 

14 4 

81 9 

2 213 

0 153 

9 

26 

Ferric dtrate 

11 8 

48 0 

1 843 

0 156 


RESTTLTS 

Table 1 shows the results observed when feme atrate was added 
to the basal bread mixture In these experiments the animals had 
previously been bled over a long penod of time while bemg fed the 
basal diet, and relative iron depletion was present at the begmnmg 
of the experiments 

Table 2 shows the effect of adding 400 grams of raw beef liver to 
the diet each day for ten days A penod of twenty days was found 
to be suffiaent for the effect of hver feeding to manifest itself, and 
this penod was added to the feedmg penod (except m one case), 
making the total time for the experiment thirty days 

When hver was fed, a relation was apparent between the available 
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body iron (or relative iron depletion), and the rate of regeneration of 
hemoglobin Refemng to table 1, it will be seen in the experiment 
with dog 4, that when feme citrate was used alone, the rate of re- 
generation of hemoglobin was 2 149 grams per day While ferric 
atrate was being contmued, the dog was fed 4,000 grams of raw beef 
hver dunng a period of ten days, and hemoglobm was recovered at 
the rate of 2 213 grams per day (table 2) No specific stimulation is 
apparent In the experiment with dog 69, (table 2), 400 grams of 
hver per day were fed, beginning twelve days after the prehnunary 
bleedmgs had started This allowed little time for the depletion of 
the body iron reserve When hver was added to the diet, the amount 
of hemoglobm recovered was 2 533 grams per day, and in a later 


TABLE 2 

Rate of hemoglohttt rcgencratiofi vihen raio beef brer u as added to the diet 






Average 
weight of 
dog 

Hemoglobin regenerated 

Dog 

number 

Days 

Added to diet 

Total 

grams 

Grams 
per day 

Grams per 
kilogram of 
animal 
per day 

69 

30 

400 grams 

10 days 

13 2 

76 0 

2 533 

0 1919 

4 

30 

400 grains 

10 days 

13 0 

66 4 

2 213 

0 1702 

3 

18 

400 grams 

10 days 

11 7 

24 5 

1 36 

0 1152 

70 

30 

400 grams 

10 days 

14 4 

48 3 

1 61 

0 Ills 

9 

30 

400 grams 

10 days 

11 8 

47 8 

1 593 

0 135 


experiment with iron alone, 2 351 grams per day was recovered In 
the three experiments in table 2 m which relative iron depletion did 
precede the admimstration of hver (dogs 3, 70, and 9), the resultmg 
regeneration of hemoglobm was somewhat greater than with the 
basal diet mixture alone, but definitely less than when iron was 
abundantly provided In an animal given a senes of rapid pre- 
Imimary bleedmgs to reduce the hemoglobin level to 50 per cent, the 
rate of regeneration immediately foUowmg is greater than that caused 
by e ther hver feedmg or iron administration This is shown by an 
experiment with dog 8, in which the regeneration rate was 3 434 grams 
per day m a three weeks penod, which had begun two weeks after 
the mitial hemorrhage (See protocol ) These observations lUus- 
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trate the profound effect of the condition of the body iron reserve on 
experiments of this nature Thus, when the iron reserve was high 
the hemoglobm regeneration was qmte pronounced, both on the 
basal diet and when hver was added, but when the non reserve was 
low, the hemoglobm regeneration could be increased to maximum by 
supplymg iron salts alone 

Experiments were made to detenmne the efficacy of chlorophyl, 
wheat germ oil, and commeraal yeast nucleic add The nudeic aad 


TABLE 3 


Dog number 

Gruu of hemoglobin regenented pet Ulogrua of dog per diy 

Nucleic &dd added 
to diet 

Raw th>TDU$ gfand 
added to diet 

Raw Urer added 
to diet 


tnmt 

trtms 

(rami 

3 

0 250 

0 2041 : 

0 1152 

69 

0 125 


0 1P19 

4 

0 258 


0 1702 

70 

2 

0 1846 

0 2460 

0 1118 


TABLE i 


The efect of Ike breed and mli mixlure alone on Ike rale of kemoiloim rtgeneralion 


Dog number 

Dayt 

Armw weight 
ofdog 

1 

Hemoglobin regenerated 

Tola] rnuiu 
bunogwbia 

Grama per dajr 

Grama per 
kDogram pet 
day 

3 

30 

mm 

41 6 

1 386 

0 11 

72 

28 


38 3 


0 m 

4 

32 


28 0 


0 077 

9 

25 


27 5 

1 1 10 

0 m 


was fed m moderate amounts (IS to 20 grams per day) for penods of 
ten days, and in calculating its effect a “carry-over” penod of twenty 
days was allowed The results are about equal to those denved from 
hver and the feedmg of thymus gland, but only when iron was con- 
stantly supplied m the diet was the regeneration of hemoglobm m- 
creased Table 3 shows these m companson 
In table 4 are shown the results of feeding the basal bread mixture 
alone to dogs m nhich there nas relatne non depletion The diet 
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was not entirely iron free, and we have available only indirect data to 
show the amount of iron depletion in the animal’s body It is 
obvious, however, that the rate of hemoglobm regeneration is greatly 
depressed, when these results are compared with those in the pre- 
cedmg tables 

COMMENT 

There was no evidence m these experiments to show that the feed- 
mg of beef hver is of especial value in aneima of long duration pro- 
duced m healthy animals by hemorrhage The conclusions to be 
drawn appear directly opposed to those of Whipple and Robscheit- 
Robbms, whose work this study has attempted to confirm However, 
a fairly complete agreement may be secured in the conclusions by 
applymg a different mterpretation to the results of Whipple and 
Robscheit-Robbms The latter mvestigators have appreaated the 
action of iron m experiments of this type, but apparently m their 
experiments there was not provided an adequate amount of iron in 
the animals’ diets to control this factor and prevent possible iron 
depletion while admmistermg natural food products In drawmg 
conclusions with regard to hemoglobm regeneration it seems that the 
body iron reserve must be fully protected if the effects of the iron 
content of the foods themselves are to be avoided 

Accordmg to Wells (5) the average human body contams about 3 2 
grams of iron, of which 2 4 to 2 7 grams are m the blood If we 
consider that the weight of a dog is one-sixth that of a man, then the 
iron content of the dog’s body would be about 0 6 to 0 7 gram In 
order to prevent the normal rebound of blood regeneration after 
hemorrhage, as described by Drinker (6), a very large amount of 
hemoglobm must be removed An idea of the extent of the hemor- 
rhage necessary to accomphsh this may be obtained by a study of the 
protocols of dogs 8 and 72 In these animals about 180 grams of 
hemoglobm were removed m 1700 cc of blood durmg 30 to 35 days 
before rapid regeneration ceased This corresponds to the removal 
from their bodies of 0 57 gram of iron If we grant a small mtake of 
non with the food and water durmg this period, there was present a 
defimte depletion of the body iron reserve m the animals at the begm- 
nmg of the experiments In feedmg 4,000 grams of beef hver the 
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amount of iron administered, according to the analysis of Forbes and 
Swift (7), would be 0 328 gram The recovery of SO grams of hemo- 
globm would remove 0 168 gram from the animal’s body If these 
values represent the average results, it seems impossible to recover 
the iron quantitatively when absolute iron starvation is present The 
figures here quoted are conservative, and a proper conception of their 
significance is prerequisite to an appreciation of the conditions under 
which the experiments were earned out 
A sharp distmction must be drawn between cellular regeneration 
and hemoglobm formation in the bone marrow, and a knowledge of 
the number of reticulated red blood cells m the circulation is of 
fundamental importance m this respect The reticulocyte per- 
centages were surprisingly low, considenng the large hemorrhages 
which were survived This observation is susceptible of two mter- 
pretations ( 1) either the response of the bone marrow was equal to 
the stress caused by the hemorrhages, or (2) the bone marrow was 
tendered relatively inactive by some such factor as faulty diet, or 
disease m the animal itself It is obnous that the latter could not 
have been present, because after the preliminary bleedmgs the 
number of red blood cells m the circulation qmckly returned to about 
the normal level, regardless of the dietary mgredients, and when iron 
was abundantly provided hemoglobm regeneration was not mter- 
rupted It IS evident that any definite stress placed upon the 
mechamsm of healthy bone marrow to provide red blood cells would 
have been shown by a more pronounced increase m reticulocytes m 
the penpheral blood For this reason, it must be assumed that the 
power of regeneratmg hemoglobm was alone bemg tested, and not 
the mechanism of cell production in the bone marrow 
A recalculation of the amount of hemoglobm regeneration m the 
expenments of Whipple and Robscheit-Robbins has been made on 
the basis of grams of hemoglobm regenerated per day per kilogram of 
animal The figures axe taken from the expenments m which cooked 
beef hver and Blaud’s pills (2) (8) were used In table 5 these re- 
calculated figures are set down, together with the percentage of 
hemoglobm m the animals at the bcgmnmg, and at the completion 
of each experiment It wiU be seen that m seseral of these expen- 
ments where the effect of hver feeding was sought, the animals lost 
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more than 25 per cent in the hemoglobin level dunng the progress of 
the experiment 

For illustration, referrmg to table 5, dog 19-104, m the first expen- 
ment 0 360 gram of hemoglobm was regenerated dady per kilogram 
of dog, but the animal lost 38 per cent m its hemoglobm level dunng 
the four weeks penod In another experiment on the same animal, 
the regeneration rate, as calculated from the records, is 0 142 gram, 
the loss in hemoglobm bemg 16 per cent In the five experiments 
m table 5, in which Blaud’s pdls were admimstered dunng one-haH 

TABLE s 


Analysts of the results of Whipple and Rohscheit-Rohbins 


niunDcr 

Days 

Added to diet 

1 

A\cnigc ' 
weight oC 1 
dog 

Total 

crams 

nemo 
globm re 
generated 

Grams 
hemo 
globm re 

Hemoglobin level 

per day 
per kilo 
gram of 
animal 

Begin 
mng of 
experii 
ment 

End of 
expen 
ment 

Differ 

cncc 




tern 



Percent 

percent 

per cent 

19-104 

28 

Liver 

10 5 

108 1 

0 360 

86 

48 

-38 

19-104 

28 

Liver 

11 0 

43 7 

0 142 

52 

36 

-16 

21-64 

28 

Liver 

14 4 

73 9 

0 207 

80 

55 

-25 

16-160 

28 

Liver 

10 8 

36 4 

0 120 

57 

48 

- 9 

20-104 

28 

Liver 

9 6 

56 3 

0 209 

58 

45 

-13 

20-104 

28 

Liver 

8 7 

98 8 

0 396 

74 

47 

-27 

20-71 

28 

Liver 

16 0 

64 1 

0 144 

48 

50 

+ 2 

20-104 

28 

Blaud’s pills 

8 5 

45 3 

0 190 

44 

76 

-f-32 

20-71 

28 

Blaud’s pdls 

11 7 

35 6 

0 108 

53 

43 

-10 

21-64 

28 

Blaud’s pills 

14 5 

61 9 

0 152 

80 

44 

-36 

24-3 

28 

Blaud’s pdls 

12 1 

35 2 

0 105 

51 

44 

- 7 

24-2 

28 

Blaud’s pdls 

1 

12 3 

41 4 

0 120 

44 

46 

+ 2 


the experimental penod, only three of the experiments are susceptible 
of mterpretation, for the reasons given above The results of the 
experiments in which the hemoglobm level remamed at about a con- 
stant (table 5) are qmte comparable with those recorded here, and 
no fundamental disagreement m conclusions need be drawn 

It must be evident then from the results of both sets of experiments 
that the feedmg of liver had no demonstrable effect m the regenera- 
tion of hemoglobin m anenua of long duration in healthy animals, 
when there was an adequate mtake of iron 

The conclusions of Whipple, Robscheit-Robbms, and Hooper (1), 
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regarding the effect of h\er feeding proved successful fortunately, 
when applied to patients with pemiaous anemia (9) The theoretical 
reason for this apphcation is not clear, since the tno conditions under 
which liver feeding must exert its action are totally different The 
predommate cell of the bone marrow in hemorrhage is quite different 
from the predominate cell of jiermaous anemia in relapse The con- 
ditions imposed by these experiments upon the red blood cell produc- 
tion were at no time severe, and there was no evidence of delay m the 
development of red blood cells by the bone marron , such as occurs 
m penucious anemia In these experiments, even under relative 
iron depletion the number of red blood cells tends gradually to ap- 
proach normal (.See protocol, dog 3 ) Thus, we have no expen- 
mental or theoretical evidence that the administration of relatnely 
enormous amounts of liver to the dogs could have a favorable effect 
upon red blood celt production 

This paper has to do chiefly with hemoglobin regeneration, and 
further experiments arc now m progress upon the phase of red blood 
cell regeneration 

1 am greatly obligated to Dr Sarah Long for her assistance in 
stainmg blood smears and making reticulocyte counts 

CONCLUSIONS 

1 In the presence of an adequate diet, hemoglobin regeneration 
m the tong continued experimental anemia of heatthj adult dogs is 
1 mitcd by the availabiht) of iron 

2 In this form of anemia the administration of liver has no specific 
action upon the regeneration of hemoglobin and acts entirely through 
Its iron content 

3 Liver feedmg caused no demonstrable increase m red blood cell 
production, such as occurs m pemiaous anemia 

4 The therapeutic v aluc of iron salts in the treatment of anemia 
resulting from hemorrhage is sustained 

5 A sharp distinction must be drawn between hemoglobin forma- 
tion and cellular regeneration of the blood elements in this type of 
anemia 

6 Hemoglobin formation is depressed bj relative iron starvation 
m long continued experimental anemia induced b> hemorrhage, red 
blood cell production is somenhat less modified 



Hema Red cell Amount Rcticu Oxygen Hemo- -r. r ^ » i .r *. 

^ ® tocrit counts ^-vel locytes capacity globln Experimental diet 
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CIRCULATOR\ ADJUSTMENT IN ANEMIA 

Bt DICKINSON W RICHARDS, }a , amd MARJORIE L STRAUSS 
(Fnm lie DeparlmetU of ifedtcine Celamila Univtrnty, Cotleie of Pijttaa»! ani Sar 
teens, and lie Presbyienan Uosptlai, Nev I ori City) 

(Recelitd for pubUcatloo October 6, 1927) 

Previous studies of the arculation rate in man in vanous types and 
degrees of anemia (1, 2, 3) have concerned themselves chiefly with 
comparisons of arculation rates of groups of anemic individuals with 
the rates of normal individuals 

Inasmuch as the normal rate vanes greatly from one mdividual to 
another, it occurred to us that it might be of interest to study the 
cardiac output as well as other functions of the arculation of a given 
subject while m the aneimc state and also at mtervals during his 
recoveiy It nould thus be possible to show in that individual the 
adjustment to the condition of anemia, and a group of such studies 
might give a clearer picture of the adaptive process than could be 
obtamed from purely statistical data on circulation rates and related 
functions 

The present investigation is a studj of the cardiac output in eight 
anemic subjects both durmg the stage of anemia and at mtervals in 
the penod of recovery The mitial oxygen capaaties of the blood 
vaned from S 4 to 14 4 volumes per cent Two were suffenng from 
primary anemia, four from secondary anemia followmg hemorrhage 
from gastric or duodenal ulcer, one from secondary anemia with 
caremoma of the stomach, and one had a secondary anemia assoaated 
with purpunc manifestations When the experiments were made, the 
subjects were in aU instances apparently well compensated to thar 
anemia, while at rest m bed, tenperature, respiratory rate and pulse 
rate were withm normal limits except that on two occasions the pulse 
was as high as 90 All expenments were done m the mornmg, under 
basal conditions that is, after at least 12 hours mthout food, and 
half an hour of complete rest in bed 

I6t 
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The data which were measured m each experiment were (1) 
alveolar and oxygenated "mixed venous”^ CO 2 tensions, (2) mmute 
volume, and O 2 and CO 2 percentages, of expired air, (3) CO 2 dissocia- 
tion curve of venous blood, (4) oxygen capaaty of venous blood 
From these data were calculated (5) cardiac output per mmute 
(Field-Bock method), (6) artenal and venous serum pH, (7) oxygen 
consumed per 100 cc of blood, (8) oxygen consumed per cent of 
capacity, (9) basal metabolic rate and, (10) respiratory quotient 


METHODS 


For the measurement of cardiac output per mmute, our method was essentially 
that of Field, Bock, Gildea and Lathrop (5), with a few modifications m apparatus 

A 



Fig 1 Diagram of Modified Field-Bock. Apparatus por Measuring 
Cardiac Output, por Portable Use 

A, mouthpiece, B, mtake flutter valve, C, brass “T” tube, D, rubber tubmg, 
B, gas sampler vessels, F and H, 3-way valves, G, flutter valve, I, opemng for 
attachment of rebreathmg bag, J, opemng for attachment of Douglas bag 


which we made chiefly for purposes of compactness, m order that the apparatus 
might be easily portable on the wards 

The apparatus is illustrated diagrammaUcally m figure 1 To the base of a 
small “T” tube of J-mch brass tubmg is fitted the rubber mouthpiece To one 
arm of the “T” tube is attached a flutter valve, the valve bemg brought as dose 
as possible to the mouthpiece tube, m order to dimmish the dead space To the 
opposite arm of the “T” tube Is attached a piece of stiff rubber tubmg, perforated 
by three small holes for the insertion of the ends of gas sampler vessels Beyond 
the rubber tubmg are attached, successively, a three-way valve, a second flutter 
valve, and another three-way valve 


1 By this phrase is meant the CO 2 tension of mixed venous blood, estimated 
from modified alveolar air presumably m eqmlibnum with mixed venous blood m 
the pulmonary capillanes 
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The gas samplera were glass vessels of 25 to 30 cc, capaaty, witb a stopcock at 
each end They were arranged in sets or battenes of three, each set fastened to a 
wooden back for support and attached b> glass tubing and a Icngtli of about 75 
cm of rubber pressure tubmg to a smglc thistle tube of mercury ^Vith this, 



Fig 2 Modified Field-Bocr Apparatus for hlEASURiNG Cajuiiac Output, 
Foa Portable Use 

In actual use, the gas samplers arc tipped up honzontallv, to Uft them above 
the bed or subject's body 


all three samplers could be evacuated b> a single lowering of the nicrcuiy As far 
as case and rapidity of collection of samples are concerned, the advantage of 
having a Torricellian ^’acuunl m the sampling tubes la obvious 

To the side openmg of the fir&t three way valve, the re-breathing bag conlainmg 
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the CO 2 -O 2 mixtiire was attached, and to one openmg of the three-way valve at 
the end, a Douglas bag of 100 hters capaaty 

The whole apparatus was suspended on a small stand provided with rollers 
(fig 2) 

The technique which we used for estunatmg the cardiac output was as follows 
the rebreathmg bag was first filled with a mixture of CO 2 and O 2 Inasmuch as, 
durmg rebreathmg, the CO 2 m the bag is considerably diluted by the residual air 
in the subject’s lungs, we used an mitial tension m the bag which vhen diluted with 
the residual air would brmg the resultant mixture to about the tension of the 
oxygenated “mixed venous” blood, and thus prevent the necessity of the blood’s 
either absorbmg or givmg up considerable amounts of CO® 

Smce the oxygenated “mixed venous” tensions of CO 2 vaned usually between 
42 and 50 mm , the ideal mitial tension for CO 2 m the rebreathmg bag vould be 
somewhere between 45 and 55 mm , we therefore used as the mitial tension m the 
bag for our experiments approximately the mean of these tensions, that is to say, 
48 to 50 mm or about 7 per cent CO 2 From 2 5 to 4 hters of the COrOi mixture 
were used m the rebreathmg bag, depending on the patient's probable vital 
capacity The subject, as stated, was under basal conditions, Ivmg m bed, with 
head and body at an angle of 30 degrees or less from the horizontal The appara- 
tus havmg been adjusted to the patient and a few minutes havmg been allow ed for 
him to become accustomed to it, expired air was then collected for six or seven 
mmutes m the Douglas bag The volume of au m the bag was immediately 
measured, and a sample taken for analysis At the end of a normal expiration, a 
rubber cork w’as mserted mto the end of intake valve B (fig 1), pluggmg it com- 
pletely, and the subject told to make a complete expuation Tow'ard the end of 
this expuation, one of the evacuated sampler tubes w'as opened, and the alveolar 
sample sucked m The cork was then removed from the flutter valve After 
three mmutes, the same procedure was repeated, except that immediately after 
the alveolar sample was obtamed, the valve F was opened mto the rebreathmg bag, 
and the subject rebreathed the CO 2 -O 2 mixture four tunes wuthm 20 seconds 
Toward the end of the fourth rebreathmg the third evacuated tube was opened, 
and immediately thereafter the valve F turned agam and the cork removed from 
the mtake flutter valve A sample of the contents of the rehreathmg bag was then 
taken 

ikfter a few mmutes’ rest, this entue procedure was repieated Thus at the end 
of the experiment, there were obtamed for analysis four alveolar au specmiens, 
four “mixed venous” specimens, and two six- or seven-mmute volumes of expired 
au 

This tedmique mvolvmg as it did several variations from that described by 
Field, Bock, Gildea and Lathrop, it was necessary to check our method m various 
waj's Au samples obtamed by evacuated tubes and by ordmary samphng tubes 
were found to be the same By the use of evacuated tubes, we mvestigated the 
effect of rebreathmg from the C 02 - 02 bagby takmg samples after each rebreathmg, 
and we found, as others have done, that the samples after the thud and fourth 
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rebresthmgs were practically the same, aad were the same as the contents of the 
bag after rchreathmg We next compared the alveolar airs obtained by our 
method with Haldane Priestley samples, m order to ascertain whether the air 
enclosed m the dead space in flutter valve B would be partly sucked mto the 
sampling tube and dilute the sample This was found to be the case, these 
alveolar airs bemg an average of 0 4 mm lower in COj tension than the Haldane- 
Prlestley samples By fillmg In as much of the dead space m flutter \-alvo B 
as possible with plasticine clay, this discrepancy was reduced to an average of 
025 mm 

In order to test the apparatus further, alveolar airs were compared directly with 
arterial blood A senes of alveolar air samples was taken, usually five, using the 
apparatus as described above, and dtiimg this procedure arterial blood drawn 
To avoid as far as possible changes in pulse rate and respiration duimg the drawing 
of blood, the method of Goldschmidt and Light (6) was used, one hand bemg 
immersed m hot water for 10 minutes, and blood then taken from a hand vein mto 
a vessel containing oil and enough dried neutralued potassram oxalate to make a 
final concentration of about OJJ per cent Blood so obtained was m every case 
between 94 5 and 95 per cent saturated with oxygen and so presumably practically 
identical with arterial blood, as Goldschmidt and Light also found The artcnal 
COj content was measured, a COi dissociation curve constructed with oxygenated 
blood, and the average alveolar air tension compared with the tension on the 95 
per cent oxygenated CO curve, at the point determined by the artenal COj con- 
tent In a senes of six such measurements, the ali-eolar air COi tensions varied 
from the arterial as follows - 1 4 mm., 4 OJ mm ,—2 2 mm., —0.3 mm., — 1 5 
mm , and 0 mm , an average of -035 mm In a similar senes of 15 measurements 
by Field, Bock, Gildea and Lathrop, an average of -0 48 mm. was obtamed. It 
IS thus likely that the apparatus which we used gave alveolar air specimens that 
were about 03 nun. lower than those obtamed by the onglnal Field Bock method ’ 
We have, however, retamed the 1 0 mm correction factor used by these authors, 
for the reason that the discrepancy is small, and the further reason that the differ 
ence in level between the artensl and the completely oxygenated blood COj curve, 
which accounted for 0 5 mm of this correction factor, is probably less in anemic 
bloods, since 5 per cent unsaturaDon m anemic blood would cause less displacement 
of the CO curve th«n 5 per cent imsalniation in normal blood 

We made several attempts to obtam arterial blood samples from the subjects 
during or Just after the estunations of cardiac output but m most instances were 
unable to do this without definite changes in thesubject s pulse rate and respiration 
Two such attempts m which there was relatively httle change m these factors 
(first experiments on J K and on J H ) gave arterial blood tensions that were 
- 28 min.and +1 8mm respectively from the mean alveolar air tensions 


’ A modification of the apparatus has been made wherem a small slide valve is 
inserted between flutter valve B and the mouthpiece thus enabling more exact 
Holdane-Pnestlev ah eolir air samples to be taken 
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Since the Field-Bock method gives arterial and venons COi tensions, which 
have to be transferred mto terms of CO2 contents by the use of the slope of the CO2 
curve, it was necessary in these experiments to determme the COj curve on each 
occasion, because the slope of the curve vanes chiefly with the hemoglobm content 
of the blood In all our later experiments, the curve was constructed from 2 
pomts, usually about 25 and 50 mm tensions, usmg loganthmic paper and Peters’ 
straight hne loganthmic relation In some of the earher experiments, three or 
more pomts were detenmned In four instances, CO2 curves were not constructed, 
and the slopes only estimated (table 1) 

Gas analyses were made with the Haldane apparatus, the blood gas analyses 
by the Van Slyke-NeiU apparatus The technique of equihbmtmg and handhng 
blood samples was that of Austm, Cullen, Hastmgs, McLean, Peters and Van Slyke 
(19) with a few shght modifications 

With the COj curves which we were constructmg, it soon became evident that 
the slope was m most cases nearly a direct function of hemoglobm concentration 
This relationship was established by Peters, Bulger and Eisenman (7) a few years 
ago, m a large number of experiments Usmg CO2 contents at 30 and 60 mm. 
tensions, these authors foimd that the differences between the contents at these 
two tensions, for varymg oxygen capaaties, could be represented approximately 
by the formula 


A [COJ 


0 334 /; + 6 3 


where h = oxygen capaaty m volumes per cent This difference m CO2 content 
at constant tension difference is a measure of the slope of the curve If, therefore, 

, , 0 334 /; +6 3 

one uses this relation m the form of a ratio, q 334 ( 20) ~ ^ '3 multiphes this 

ratio by the standard slope values for normal blood (oxygen capacity of 20 
volumes per cent) as given by Field, Bock, Gddea and Lathrop, the product wiU 
be a fairly close approximation to the actual slope of the CO2 curve for blood 
of oxygen capaaty h We have calculated these values for each experiment 
(table 1) The agreement with the actual CO2 curve slopes is good, the difference 
bemg less than 10 per cent m every case but one Comparmg our findings m 
this respect with the fifty-one experiments of Peters, Bulger and Eisenman, on 
which the formula is based, it was found that our results showed less marked 
deviations than did theirs The scattermg of the pomts m then experiments, 
however, as they themselves pomted out, occurred to a much greater degree with 
bloods of high oxygen capaaty than with low If the thirteen experiments which 
these authors made usmg bloods of less than 14 volumes per cent oxygen capaaty 
are considered, it is found that all the pomts fall close to the hne detenmned by 
then formula (the deviation bemg less than 10 per cent) except one In future 
mvestigations of anemic bloods, the use of the adaption of this formula with the 
Field-Bock value for normal slope of the COj curve, may be expected, therefore, 
to give results at least as accurate as would the use of these “normal” values for 
different bloods of normal or nearly normal oxygen capaaties 
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It has been recognized for some tone that the accuracy of the gasometnc method 
of calculating cardiac output depends on the accuracy of estimating its most 
variable element, namely, the alveolar air measurements In studying untrained 
subjects, we have in this respect, encountered come difficulty at times Fre- 
quently one, and occasionally more than one, of the four alveolar air measurements 
was quite far from the others, so for calculatmg both alveolar air and "mixed 
venous” tensiona we adopted the method of the mean, discarding the highest and 
lowest figures and tahmg the average of the middle two In order to give some 
idea of the error of the method we have m table 1 mcluded both of the two mean 
alveolar air determinations of eadi experiment 

For a reason which wfll be discussed presently, it was of interest to us to calcu 
late the pH of arterial and venous serum for each experiment. The arterial 
point WB3 taken as the pomt on the oxygenated COj curve determined by the level 
of the mean alveolar COj tension, the pH being calculated by the Henderson 
Hasselbalch formula, using the method worked out bv Peters, Bulger, and Eisen 
man (8) The actual arterial pomt is shghtly above and to the right of the pomt 
from which our calculations have been made, but the difference m pH of the two 
pomts is negligible The actual “mixed venous” pomt on the diagram of the COi 
dissodation curve hes on the Ime of the content of oxygenated "mixed venous” 
COj, but to the left of the oxygenated COj curve This distance Is such that the 
point hes above that curve by an amount determined by the oxygen unsaturation 
of the venous blood Smee we have measured the utilization of Oa per 100 cc. 
of blood,’ and since we know from the work of Bock, Field, and Adair (9) the 
number of volumes per cent CO3 taken up in complete reduction of normal blood 
at constant COi tension (about 6 2 volumes pet cent) it is easy to calculate 
apptoxnnately the loss of COi tension of the actual mixed venous blood due to 
oxygen unsaturation This formula is 

,(COd - ,(CO.) - X 6 2^ 0^ - 0,5 

where >(CX)i). - actual mix ed venous COj tension, ,(COj) •. COj tension of 
oxygenated mixed venous blood, r — slope of the CO3 curve and iOj cc. - tissue 
utilization of oxygen per 100 cc. of blood. The figure 6 2 has been explained, and 
20 is the total volumes per cent oxygen unsatumtion of normal reduced blood 
The last figure, 0 5, is the approximate difference m tension between completely 
oxygenated and arterial (95 per cent oxygenated) blood 

Metabolic rate calculations have been made using the DuBois height weight 
surface area relation, and the value of 4 8 calones per hter of Ch pet hour, irrespec. 
tfve of the respiratory quotient 

•This is obtained from the difference in COj content of arterial and venous 
blood by dividing by the respiratory quotient. 
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RESULTS 

On the eight individual subjects, twenty-two observations in all 
were made (Table 1 and charts A to F of figure 3) The general 
results of the investigation are readily seen from these charts (a) 
there is a definite though not entirely constant tendency for cardiac 
output to mcrease with decreasmg hemoglobm concentration, (b) a 
practically constant increase of percentage utilization of oxygen by 
the tissues (AO 2 per cent) with mcreasing anemia, especially noticeable 
between 10 and 6 volumes per cent oxygen capaaty, (c) a tendency 
to decrease of tissue utilization of oxygen per 100 cc of blood (AO 2 cc ), 
with decreasmg oxygen capaaty, (d) a relative increase m metabohc 
rate when the anemia is pronounced, (e) a tendency toward lowered 
respiratory quotient, which frequently rises as the oxygen capaaty 
increases , (f) mcreased ApH m severe anemia 

To summarize, as far as the data here presented are concerned, the 
general statement may be made that m the state of anemia, the burden, 
as it were, that is laid upon the rest of the arculatory apparatus as a 
result of dimmished oxygen capaaty, tends to be distnbuted, a part 
bemg taken by an mcrease in the cardiac output per rmnute and a part 
by inaeased percentage utilization of oxygen by the tissues There 
are individual vanations, the increased utilization at times takmg 
almost all the burden This appears particularly m the first expen- 
ments on F L and S D two primary anemias of long standmg 
Subject F L at this time was shghtly edematous and subject S D 
markedly so, the latter’s whole circulatory adjustment durmg her 
extreme anemia was m fact quite different from any of the others, 
and suggests beginnmg heart failure The final expenment on this 
subject, however, shows an even more striking deviation from the 
rest of the group There is reason to beheve that m part at least this 
was due to faulty techmque The CO 2 -O 2 mixture m the bag before 
rebreathmg, was lower m CO 2 tension than the subject’s own oxygen- 
ated “mixed venous” tension Evidence that eqmlibnum was not 
reached durmg rebreathmg is given by the fact that the tensions of 
the samples taken at the end of the fourth rebreathmg were 0 9 and 
0 7 mm higher than the samples taken from the bag afterward If 
equihbnum was not reached the CO 2 tension difference between 
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Fro 3 Chanoes in CmcuiAToav Ftoictions in Anemia 

Absassao in each chart represent oxygen capacities in volumes per cent aOjcc. 
- oxygen utiliied by the tissues, m cubic centimeters per 100 cc. of blood aOj 
per cent - oxygen utilized by the tissues in per cent of capaaty (coeffiaent of 
tissue utaJzatKm) ApH - difference between arterial and venous serum pH. 

Symbols indicate indrviduiil subjects e-FL o-JK. a-MH 
□ -JH. B-WS v-NB +-SD X-JJ 
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alveolar and “mixed venous” samples was too small and the cardiac 
output figure therefore too high As there was no other evidence of 
error than this, however, the experiment was mcluded with the others 

DISCUSSION 

Of our general findmgs, (a), (b), (c) and (d) are entirely confirmatory 
of Liljestrand and Stenstrom’s recent work on anermc subjects 
(3), usmg the Krogh-Lmdhard nitrous oxide method, and are also 
consistent with Blalock and Harrison’s (10) findmgs m dogs followmg 
repeated small hemorrhages 

Dautrebande (4) has recently reported a senes of measurements of 
cardiac output, usmg Meakms and Davies’ method, on a group of 
four subjects with anemia, at vanous stages of their disease His 
findmgs were essentially these at 20 per cent hemoglobm, two 
determinations, with cardiac outputs about 14 hters per mmute, 
at 26 per cent hemoglobm one measurement, cardiac output 10 5 
hters per mmute, at 30 per cent hemoglobm, two measurements about 
8 hters per mmute, above 40 per cent hemoglobm, the cardiac outputs 
drop rapidly from 5 or 6 hters per mmute to normal values, between 
4 and 5 hters per mmute He followed one subject for several months, 
and found practically the same output on all occasions as long as the 
hemoglobm was above 50 per cent Our data tend to show a con- 
tmued faU m cardiac output with mcreasmg oxygen capaaty, they 
do not show, moreover, so sharp a nse m cardiac output between 40 
and 25 per cent hemoglobm as do those of Dautrebande Some of 
the discrepancy is probably due to the fact that the measurements 
made by Dautrebande were performed only 3 hours after the subjects’ 
last meal, rather than under stnctly basal conditions, and at these low 
levels of oxygen capaaty a small increase m oxygen consumption 
would be expected to cause a considerable change m cardiac output 
Basal metabohc rates m anenua have been vanously reported 
(DuBois 11), some mvestigators have foimd normal values, others an 
mcrease Meyer and DuBois (12) m a very carefully conducted 
senes of experiments on five cases of pemiaous anemia, found the 
metabohc rate shghtly raised m the mild cases, and distmctly raised 
m the severe cases The only experiments which we have found m 
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the hterature, m which individual subjects were studied dunng 
recovery from anerma, were those of Tompkins, Bnttmgham and 
Dnnker (13), who found regularly a decrease m metabohc rate follow- 
mg transfusions 

A lowered respuratory quotient has not, so far as we are aware, 
been noted by other mvestigators The five cases reported by Meyer 
and DuBois had normal R Q s, except one, which was shghtly low 
Examination of the data m eighteen untreated cases of anemia as 
reported by Tompkins, Bnttmgham, and Dnnker, however, shows 
that the respiratory quotients were all ^jelow 0 81, with an average 
of 0 75 Moreover, eight cases treated by transfusions, all showed a 
definite nse m respiratory quotient These findmgs are m agreement 



Fig 4 CX)j Desociaiion Curves Piotied lAiOARnsmcAiiY 

I, anemic curve (subject J J ) II, normal curve (subject M. H. after recov 
ery) in, mcrease of COi content, oxygen unsaturation effect n, mcrease of 
COj contents, buffer effect 

with our data, it is perhaps of interest to note that all the cases m our 
senes that showed significant nse m respiratory quotient dunng 
recovery were on a “liver diet ” 

In view of the general tendency menboned above, to “distnbute the 
load,” It becomes of interest to mqmre further, if possible, into the 
mechamsm of the distnbution In this respect the change m shape 
of the COi dissoaabon curve has certain consequences that may be 
pomted out The flattenmg of the oxygenated and reduced curves, 
which occurs m aneimc bloods, is presumably due to loss of cell 
protems (chiefly hemoglobm), m their capaaty as buffers In the 
change from the artenal to the venous pomt, it can readily be seen 
from Figure 4 that if the COj tension differences remam the same, and 
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AO2 cc IS the same for the two bloods, A[C03] will be considerably 
less m the anemic blood due to a decrease m the “cell-buffer” mcre- 
ment of n In other words, the respiratory quotient will be di- 
mmished To mamtam a more nearly constant R Q , at least three 
adjustments are possible, (a) a decrease m AO2 cc , (b) an increase 
m the arteno-venous CO2 tension difference, or (c) displacement of 
both arterial and “mixed venous” CO2 tension Imes to the left, where 
the CO2 curve is steeper The decrease m AO2 cc would, of course, 
mvolve an mcreased blood flow, supposmg the oxygen consumption 
to remam imchanged 

There is a further consequence of the altered form of the COs 
dissoaation curve Smce the serum pH values on the dissociation 
curve diagram may be represented (foUowmg Y Henderson) by 
straight Imes radiatmg from the pomt of ongm, it is obvious that a 
flattenmg of the CO2 curve wdl mvolve mcrease m the pH difference 
between artenal and venous blood (mcreased ApH) This mcrease 
will tend to be accentuated if the arteno-venous C02 tension difference 
IS mcreased, but dimmished m proportion to the height of the curve 
above the base hne These considerations were pomted out several 
years ago by Barr and Peters ( 14 ) The net result is a distmct 
mcrease m the ApH m anemia This was noted m Barr and Peters' 
work, and appears m our data Increased ApH will, furthermore, 
mcrease the oxygen that can be taken up by the tissues at a given 
oxygen tension difference between arterial and venous blood, due to 
the lowenng of the oxygen dissoaation curves with mcreasmg aadity 
It IS doubtful, however, if this effect on the percentage utilization of 
oxygen by the tissues wfll be a significant one, for two reasons, ( 1 ) 
reference to oxygen dissoaation curves will show that such changes m 
ApH as occur m anemia (table 1 ) are suffiaent to maease the utiliza- 
tion at given Oj tension differences by only 3 or 4 per cent of the 
oxygen capaaty at the most, ( 2 ) the actual effect is probably even 
less than this, smce, accordmg to the work of Barr and Peters, and 
others, the change m pH m anemi a is usually due to a more alkahne 
artenal pH rather than a more aad venous pH As the O2 dissoaa- 
tion curves for different pH values are qmte dose to one another m 
the region of artenal saturations, small changes m aadity would 
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produce correspondmgly small changes in oxygen saturation, at 
constant oxygen tension 

When the percentage tissue utilization of oxygen is appreciably 
increased, therefore, there will be assoaated a diminished mean 
capillary oxygen tension, and presumably a diminished tissue oxygen 
tension Decreased oxygen tension, as Krogh (15) has shown, pro 
duces both capillary and artenal dilatation Liljestrand and 
Stenstrdm (3) have called attention to the fact that mcreased per- 
centage tissue utilization is consistent with increased capiUary surface 
Total cardiac output on the other hand, would be expected to mcrease, 
smce this is the first effect of vasomotor (espeaall} artenal) dilatation 
(Tigerstedt ( 16) ) There is thus the possibihty of a balanced relation- 
ship between cardiac output on the one hand, and mean capillary 
or tissue oxygen tension, or, what m this case amounts to the same 
thing, percentage tissue utilizaticm, on the other This proposition 
was suggested in part by Blalock ^nd Hamson (10) 

Blood pressure measurements unfortunately were not made m our 
senes Liljestrand and Stenstibm (3) found the mean artenal blood 
pressures to average 4 to 11 mm less m anemic subjects than m 
normal subjects This is a small difference but is consistent with 
mcreased cardiac output and artenal dilatation, smce accordmg to 
PoisseuiUe's law an mvetse relation between pressure and flow 
may exist providmg there is simultaneously a small change m diameter 
of the channels of flow 

Between rates of 60 and 90, mcreased pulse rate would be expected 
to produce mcreased cardiac output (17), other things bemg the 
same, and venous inflow to the heart bemg adequate But if m- 
creased pulse rate were the dommant factor here — the penphcral 
blood vessels remaming unchanged—, one would expect an mcreased 
mean blood pressure 

Other factors concerned m estimatmg the magnitude of cardiac 
output m anemia are viscosity, and total blood volume Viscosity is, 
of course, decreased, tendmg to mcrease cardiac output and decrease 
blood pressure, total blood volume is usually dimmished (18) which 
will tend to decrease cardiac output 

It 13 dear from the data which we have charted, that the circulatory 
adjustments which actually take place m anemia are those which 
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have suggested themselves m the preceding discussion, (1) lowered 
respiratory quotient, either absolute, or relative to subsequent values, 
(2) increased ApH, tendmg to dimmish as the oxygen capaaty 
increases, (3) decreased AO 2 cc and increased AO 2 per cent, and (4) 
mcreased cardiac output In this senes, there was no consistent 
change in the arteno-venous CO 2 tension difierence in anemic as 
compared with norma] blood 

That the above changes may be influenced by numerous factors 
other than those we have discussed, is obvious One would not 
expect, for example, that so complex a function as the respiratory 
quotient would be largely determined by the form of the CO 2 dis- 
soaation curve 

In extreme anemia, AO 2 per cent apparently approaches an upper 
limit With this function no longer mcreasing, any further fall m 
oxygen capaaty must result m a sharp decrease m AO 2 cc , and a corre- 
spondmg nse m blood flow These changes begm to be apparent m 
the first experiment on J J They are brought out still more dearly 
by Dautrebande’s measurements (4), already referred to m subjects 
with only 20 per cent hemoglobm 

Our data, so far as we can see, do not throw any hght on the fact 
of mcreased metabohc rate m severe anemia Other mvestigators 
have ascnbed this maease either to mcreased cardiac work attendant 
on maeased output, or else to mcreased bone marrow activity 
Tompkms, Bnttmgham, and Drinker (13) were mchned to the latter 
explanation smce m their studies, the rate dirmmshed followmg 
transfusions Of the five cases m our senes m which the metabohc 
rate decreased with improvement of anerma, four received trans- 
fusions durmg the mterval, while m one case tS D ) the rate dropped 
on “hver diet” alone 


SUMMARY 

1 Studies of cardiac output and certam other functions of the 
orculation, have been conducted on eight subjects suffenng from 
various types and degrees of anerma, the observations on each mdivid- 
ual havmg been made both durmg the anemic state and after partial 
or complete recovery 
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2 In this senes, there was a tendency for the following changes to 
occur during the anemic state 

a Increased cardiac output. 

b Increased percentage utilization of oxygen by the tissues 

c Decreased utilization of oxygen by the tissues m cubic centimeters 
per 100 cc. of blood 

d In five instances, a relative mcrease m metabohc rate durmg 
severe anemia 

e Low respiratory quotient, frequently this mcreased durmg 
recovery from anemia 

/ Increased ApH (difference between artenal and venous serum 
pH) 

3 Of these changes, (c), (c) and (f) are shown to be consistent with 
the change m form of the COi dissoaation curve m anerma A bal- 
anced relationship between cardiac output (a) and the percentage 
tissue utilization of oxygen (b) is possible, on the basis of vasomotor 
dilatation and lowered blood pressure m the anemic state Blood 
pressure has been reported as lowered m anerma, vasomotor dilatation 
13 to be expected when, as here, mean capillary or tissue oxygen 
tension is decreased 

4 A slightly modified Field-BocL method for measurmg cardiac 
output, with portable apparatus, is described 

PROTOCOLS 

F L Female, age 50 Diagnosis Permaous anemia. 

Histoiy Numbness and tmgUng of hands and feet for 18 months, weakness, 
dyspnea on exertion and edema of ankles for one year 

Physical examination Pallor, deep reflexes hyperactive, legs spastic, sll^t 
edema of feet 

February 4 Red blood cells 1,400,000, hemoglobm 36 per cent 

February 22 Red blood cells 3,200,000, hemoglobin 68 per cent. 

March 9 Red blood cells 4,300,000, hemo^obin 62 per cent (?) 

Course Striking improvement on liver diet. 

I K Male, age 46 Diagnosis Secondary anemia, purpura. 

History Dyspnea and weakness tor one year, dizzy spells for one month 

Physical exammation Pallor, hemorrhagic areas on legs, eye ground hemor- 
rhages » 

February 13 Red blood cells 1,400,000, hemoglobm 29 per cent. 
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February 18 Transfusion 800 cc 

March 8 Red blood cells 2,400,000, hemoglobin 45 per cent 
April 18 Red blood cells 2,800,000, hemoglobm 57 per cent 
Course Gradual improvement with one transfusion and hver diet 

M H Female, age 40 Diagnosis Ulcer of stomach, secondary anemia 
History Sleepmess for two months, fever, nausea and vomitmg for four weeks, 
famted ten days before 

Physical exammation Pallor , stool guaiac + + + + X-ray penetrating ulcer 
of lesser curvature of stomach 

March 23 Red blood cells 3,000,000, hemoglobm 59 per cent 
March 29 Transfusion 500 cc 
May 16 Transfusion 400 cc 

May 19 Red blood cells 4,900 ,000 , hemoglobm 86 per cent 
Course Gradual improvement and disappearance of symptoms with trans- 
fusions, Sippy regune followed by hver diet later 

J H Male, age 50 Diagnosis Ulcerof stomach, secondary anemia. 

History Operation for ulcer four years before, hematemesis and melena 18 
months ago , weakness for last two or three months , tarry stools for one week 
Physical exammation Pallor, nght rectus scar, small mass just under anterior 
abdommal wall, no free HCI 

March 31 Red blood cells 2,200,000, hemoglobm 35 per cent 
April 2 T ransfusion 600 cc 

April 27 Red blood cells 4,000,000 , hemoglobm 60 per cent 
May 20 Red blood cells 3,900,000, hemoglobm 52 per cent 
Course Gradual improvement on Sippy regime, one transfusion and iron 
mjections 

W S Male, age 49 Diagnosis Ulcer of duodenum, secondary anemia 
History Attacks of gaseous eructations, flatulence and pam m epigastrium for 
twelve years Loss of strength and weight and tarry stools for 6 weeks 
Physical exammation Pallor, palpable hver, stool and stomach contents 
guaiac -t- -f -f + 

Aprils Red blood cells 3,100,000, hemoglobm 55 per cent 
May 6 Red blood cells 3,900,000 , hemoglobm 44 per cent 
Course Bleedmg stopped and strength returned on Sippy diet 

N B Male, age 50 Diagnosis Ulcer of the duodenum, secondary anemia 
History Epigastnc pam and loss of weight nme months before, gastrojejunos- 
tomy SIX months before with rehef , Vormted fresh blood six hours before admission 
Physical exammation Pallor, low blood pressure April 23 
hlay 17 Transfusion 500 cc 

May 23 Red blood cells 3 , 100 ,000 , hemoglobm 34 per cent 
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June 3 Transfusion 500 cc 
June 8 Transfusion 550 cc 

June 10 Red blood cells 3,000,000, hemoglobin 40 per cent, 

June27 Redbloodcells3, 800, 000, hemoglobin OOpercent 
Course Continued bleedmg until after third transfusion Steady recovery 
t hereaf ter on SiRjy regime. No liver 

S D Female, age 36 Diagnosis Permaous anemia. 

History Pallor for three years, dyspnea, numbness and tmgling of hands for 
two years, four transfusions without improvement, circulatory failure, generalized 
edema and dyspnea for four weeks 

Physical examination Icteroid pallor, generalized edema. 

June3 Red blood cells 1,100 000, hemoglobin 20 per cent 
June 23 Red blood cells 1 170,000, hemoglobin 45 per cent, 

July 12 Red blood cells 2,200,000, hemoglobm 45 per cent 
Course Disappearance of edema, return of strength and color on lolly’s Liver 
Extract 

J J Male, age 48 Diagnosis Caremoma with metastascs foUowmg car 
emoma of stomach, secondary anemia. 

History Loss of appetite for three months, pallor, weakness, dyspnea and 
loss of 30 lbs for two months 

Physical etammation Icteroid pallor, ^tohe murmur, large liver, absent 
deep redexes 

June 14 Red blood cells 680,000, hemogbbm 18 per cent 
Jimel6 Transfusion 450 cc 

July 6 RedbloodceUs 1,700, 000, hemoglobin34 percent 
July 18 Red blood cells 2,400,000, hemoglobin 50 per cent 
Course Temporary improvement on one transfusion and hver extract 
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THE SURFACE TENSION OF THE BLOOD SERUM IN 
HYPERTHYROIDISM 


By EHZABBTH G NICHOIXS and GEORGE A. HARROP, J* 

{From th* Chemical Division of the Ifedkat Otnic of the Johns Bophms University and 
Hospital, Baltimore) 

(Rfceivcd for publication November 8, 1927) 

The present communication la a report of an investigation of the 
surface tension of the blood serum m patients with severe thyroid 
mtoxication The general plan of the study has been as follows 
Determmations of the surface tension were made upon samples of 
blood serum from untreated patients immediately upon admission 
to the hospital Treatment with lodme (m the form of Lugol’s 
solution) was then given m suffiaent amount and over a suffiaent 
penod of time to allow an exhibition of its clmical effect, when the 
surface tension studies were repeated Later the surface tension was 
agam determmed after surgical operation (double partial lobectomy 
of subtotal thyroidectomy) in order to observe any change resultmg 
from the dimimshed activity of the thyroid gland due to its partial 
removal In some cases lodme was contmued for a short tune after 
operation 

The direct readmg tensiometer of Du Nolly (1) was used for malung 
the surface tension deternunations, and b\ 1 the precautions recom- 
mended by him were carefully followed The watch glasses used were 
of uniform size (diameter 8 cm.) and the same amount of serum, 
approximately 2 ca, used each tune The glassware used was boiled 
for two hours in a concentrated solution of sulphuric aad to which 
had been added 15 cc saturated solution of potassium bichromate per 
liter The watch glasses were washed not longer than two or three 
days before using and were flamed a short tune before use m order to 
insure unif orm spreadmg of the serum. The greatest care was taken 
throughout to avoid touchmg with the hands any glassware, mcludmg 
the coUectmg apparatus, centnfuge tubes and watch glasses 
The blood for the surface tension deternunations was collected m 
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TABLE 1 

Surface tension deterrmnaiwns 




Surface tension — 
senim 


Subject 

Date 

Initial 
read 
ing j 

Read 

ing 

after 

2 hours 

Drop 

Remarta 


Normal subjects 




dynes 

dynes 





per 

per 

dynes 




SQ cm 

sq on 



E G N 

November 18, 1925 

56 6 

49 6 

7 0 

Staff 


November 27, 1925 

56 8 

49 7 

7 1 



January 7, 1926 

57 1 

49 6 

7 5 



January 8, 1926 

56 7 

49 6 

7 1 


G A H. 

November 18, 1925 

56 6 

49 7 

6 9 

Staff 


November 27, 1925 

56 6 

49 6 

7 0 

Staff 

E H. 

November 18, 1925 

56 8 

49 4 

7 4 

Staff 


December 1, 1925 

56 6 

49 3 

7 3 

Staff 

T G 

November 18, 1925 

57 1 

49 8 

7 3 

Staff 

A-S 

January 15, 1926 

57 1 

49 7 

7 4 

Student 

H P 

January 15, 1926 

56 8 

49 8 

7 0 

Student 

C W 

January 20, 1926 

57 1 

49 5 

7 6 

Student 

I T 

January 20, 1926 

56 9 

49 3 

7 6 

Student 

S W 

January 20, 1926 

56 9 

49 3 

7 6 

Student 

L W 

January 20, 1926 

57 5 

49 3 

8 2 

Student 

E T 

January 20, 1926 

57 2 

49 1 

8 1 

Student 

W S 

January 22, 1926 

■alii 

49 1 

7 9 

Student 

J B 

February 2, 1926 

56 8 

49 9 

6 9 

Student 

E C 

February 2, 1926 

57 7 

49 8 

7 9 

Student 


Miscellaneous conditions 


G C 

November 10, 1925 

57 6 

49 8 

7 8 

Inapient menopaxise, psycho- 
neurosis 

R C 

November 10, 1925 

57 11 

49 4 

7 7 

Bronchial asthma, very mfld re- 
action to ragweed and feathers 

C T 

November 10, 1925 

56 6 

49 5 

7 1 

Unesplamed vertigo Diag- 

nosis disease of vestibularap- 
jiaratus following fracture of 
skull m 1921 

F P 

November 10, 1925 

57 1 

49 6 

7 5 

Pregnancy, second month (de- 
hvery normal) 

P L 

January 27, 1926 
February 2, 1926 

56 5 
56 7 

49 5 
49 5 

7 0 

7 2 

Hystena 

1 
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Surface tendon — 
scrum 


Subject 

Bate 


Reed 

bf 

after 

2 hours 

Drop 

Remarks 


HUcelUneous coiulItkm« — condnued 




dynt) 


iyma 









cm 

rf on 



F B 

Fcbniaiy 2, 1526 

56 9 

49 4 

7 S 

Palay 

R. S 

January 14 1926 

57 5 

49 5 

8 0 

Artbrltis deformans 

F Me 

January 14, 1926 

57 0 

49 9 

7 1 

ArthritiB deformans 


January 21, 1926 

57 1 

49 9 

7 2 

Arthritis deformans 

M M 

Decembers 1925 

56 9 

49 2 

7 7 

Recovered coryxa 

G C 

January 18 1926 

57 3 

49 5 

7 8 

Convalescent pneumonia 

CJ 

January 14 1926 

56 7 

49 6 

7 1 

Scleroderma 


January 27, 1926 

56 6 

49 4 

7 2 

Scleroderma 

0 N 

January 22, 1926 

57 0 

48 8 

8 2 

Scleiodenna 


the mortung after sixteen hours of complete fasting, by venapuncture 
without stasis It was drawn directly into a IS cc centrifuge tube 
through an L-shaped glass capdlarv tube ground to fit on a platinum 
needle After dottmg it was centrifuged and the serum was poured 
mto a watch glass, stirred, and a reading immediately made After 
the readmg, the watch glass contammg the serum was covered by an 
mverted Petn dish and allowed to stand undisturbed for two hours^ 
when a second readmg was made to ascertam the time drop In 
order to avoid disturbing the serum while standmg, the watch glasses 
were placed on a revolvmg table similar to that described by Du 
Nolly 

All readmgs were made between 23° and 24°C by placmg the appa- 
ratus in a hood where the temperature could be regulated and air 
currents eliminated A control readmg of the surface tension of rtm- 
nmg tap water was made at the same time as that of the serum to be 
sure the instrument was accurately adjusted Tap water was pre- 
ferred to distilled water because of the extreme care needed for proper 
prepiaration of the latter Undiluted serum was used because it 
required httle handimg and the chance of contammation was therefore 









TABLE 2 

Surface tension detenninaiions in cases of hyperlhyrotd disease 
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iUr»B Febnaiy 22, 19M 54 9 41 $ 6 0 +67 Before Nefttive (a) HypertbyroidiuBtodeioplitbabBlcroUfr 

Vf lUxth 10 1926 55 0 4 $ 6 6 4 LcfoTt March 1 to hlaith (b) Exophthalok sohcr 
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mimmal Serum was also preferred to plasma because of the danger 
of hemolysis when an anti-coagulant was used Plasma was found to 
give a parallel but shghtly higher readmg than serum This was true 
m the case of oxalated blood and also when coagulation was prevented 
by a highly punfied sample of heparm, kmdly supplied to us by Dr 
W H Howell 

The surface tension of the blood serum of forty-four patients suffer- 
mg with hyperthyroidism was determmed m the above way and, for 
companson, that of fourteen normal mdividuals and twelve persons 
with miscellaneous conditions Table 1 gives the data obtamed from 
the study of the controls, and table 2 the data obtamed from that of 
the cases of th 3 rroid intoxication 

DISCUSSION 

From table 1 it will be seen that the imtial surface tension m the 
normal cases varied between 56 6 and 57 7 dynes, apd the two-hour 
time drop vaned between 6 9 and 8 2 dynes From table 2 it wiU be 
noted that thirty-rune out of forty-four cases of thyroid mtoxication 
previous to treatment showed an imtial surface tension readmg of 
56 5 dynes or less and that the time drop in thirty-eight of these cases 
was less than the mimmal drop m the normal controls These rela- 
tionships are shown graphically in chart 1 

We consider that this data furnishes substantial evidence that dur- 
mg the penod of thyroid mtoxication a surface active substance is 
usually if not mvanably present m the blood serum. Such a lowermg 
of the surface tension m thyroid disease could be accounted for by 
the presence of bde aads in the serum Smce no convement method 
was available at the time for the estimation of the bde salts the Van 
den Bergh reaction was earned out m aU but seven of the cases to 
serve as an mdirect mdication of the presence of bde Of the thirty- 
seven cases thus studied an amount of bdirubm above the normal 
limits, a “positive” Van den Bergh reaction, was foimd m the serum 
of four Two of the cases with a “positiye” Van den Bergh showed 
no jaundice chmcally and ordy a trace of bdirubm m the serum 
Serum from another case showed 4 mut of bdirubm on admission but 
the Van den Bergh reaction was negative after runeteen days treat- 
ment with Lugol’s solution Nevertheless the lowered surface tension 




of hyptrthyroidisni B, before treatment, C, after receiving Lugol'a solution, D, after surgf- 
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of the serum still persisted at this tune Of the seven cases m which 
the Van den Bergh reaction was not made, two showed shght ictenc 
discoloration of the sclerae on admission which had cleared up at the 
time that the surface tension studies were made The other five 
cases showed no clmical evidence of jaundice All of these observa- 
tions are mdicated in table 2 Aside from these exceptions none ol 
the cases showed either dimcal evidence of jaundice or an abnormal 
amount of bilirubin m the blood serum as indicated by the Van den 
Bergh reaction 

We have considered the possibihly that the surface active substance 
which appears to be present may be an unsaturated compouna, 
possibly an unsaturated fatty aad This aspect is further dealt with 
m the following paper (4) Under such circumstances the admims- 
tration of lodme, even m the rather small amounts of Lugol’s solution 
which are effective therapeutically, might be suflBaent to neutralize 
Its effect However, the fact that iodine admimstration has not 
markedly altered the low surface tension of the serum m this condition 
appears to indicate that such is not the explanation of its action 
After partial thyroidectomy it also appears that the return of the 
surface tension of the serum to normal is veiy slow 

No previous report has been found of a lowenng of the surface 
tension of the blood serum in thyroid disease Adlersburg and 
Sugar (2) state that the surface tension of the unne is lowered in 
Basedow’s Disease While the present study was m progress a paper 
by Wilhelmj and Fleisher (3) appeared, m which they reported that 
after thyroidectomy m gmnea pigs a gradual nse m the surface tension 
of the plasma occurred, so that m mneteen to twenty-two days the 
readings were defimtely abnormal They find that the time drop, 
after twenty rmnutes, was m general less m the plasma from the 
animals operated upon than in the plasma from normal controls 
Essentially the same differences were found by them when readmgs 
were made after two hours as were found after an mterval of twenty 
mmutes These authors also made a study of the effect of thyroxm 
and thyroid extract administration to gumea pigs In most cases a 
defimte decrease m the surface tension of the plasma was found, but 
httle change on the average was detected m the tune drop 
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CONCXUSIONS 

1 The surface tension of the blood serum is Ioi\ er than normal in 
manj cases of thyroid intoxication This is assoaated mth a di- 
mmished tune drop at the end of two hours, when compared with 
that present in the serum of normal persons 

2 The administration of iodine m the form of LugoTs solution has 
an appreaable effect m increasing the lowered surface tension 

3 After operation invohang the partial removal of the thyroid 
gland there is a tendency for the surface tension of the serum to rise 
even more than after lodme 
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THE PLASMA TATS AND THE IODINE ABSORPTION 
CAPACITY OF THE FATTY ACIDS IN 
HYPERTHYROIDISM 

By ELIZABETH G NICHOLES and WILLIAM A. PERLZWEIG 

{From Iko Ckemtcal DnUton of the Medical Clinic of the Johns Hopkins University and 
Hospital, Baltimore) 

(Rccdvtd ior pubUcation November B, 1927) 

A dirmnution m the surface tension of the blood serum has been 
found in many cases of hyperthyroidism os reported m a previous 
paper (1) Since it is well known that the unsaturated fatty acids are 
highly surface active, we have mvcstigated the amount of these 
substances m relation to the plasma fats as a possible cause of the 
above observed phenomenon in patients with this disease The blood 
fats m a short senes of normal persons studied at the same time as a 
basis for companson 

Sixteen cases of hyperthyroidism and exophthalmic goitre have 
been studied The blood was collected shortly after the patient was 
admitted to the ward and before the admmistration of iodine was 
commenced Detemunations were agam made when the therapeutic 
effect of the lodme a dminis tered was considered to be at its maximum, 
and still later after surgical operation 
Iodine was admimstered m the form of Lugol’s solution, the usual 
dosage being 30 minims daily In many cases the a dmini stration of 
Lugol’s solution was contmued for a short penod after operation in 
dosage of 5 to 10 minims dady The patients were given no food for 
at least sixteen hours before collection of the blood for study The 
basal metabolic rate was defermmed when possible the same day 
that the blood was taken, and also at frequent intervals thereafter 
Extensive studies have been made by Bloor, Loathes, Czonka and 
others (3, 4, 5) upon the fatty nads of normal blood plasma The 
methods which we have employed m the studies here reported are as 
follows 
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METHODS OP ANALYSIS 

The total fats were determined m oxalated plasma or serum by the titnmetnc 
method of Stewart and WTiite (6) which was modified as follows The plasma (5 
to 8 cc ) was measured mto about 18 volumes of a 3 1 alcohol-ether mixture drop 
by drop, and heated to boiling m a hot water bath with rotation It was then 
cooled, filtered, and made up to a definite volume with the alcohol-ether mixture, 
mcludmg the washmgs of the protem coagulum on the filter Ahquots of the ex- 
tract, m duphcate, representing 1 to 2 cc of the plasma were placed mto 60 cc 
Florence flasks of pyrex or Nonsol glass Five cubic centimeters of n/10 NaOH 
were added from a calibrated pipette or micro-burette, and the mixture slowly 
saponified on a moderatel> hot steam bath for about 2 hours until almost dry 
It was found that at this pomt saponification of the neutral fats was not mvanably 
complete as is claimed by the authors of this method However, m every case 
complete saponification was effected by the addition of 5 cc of absolute alcohol, 
with subsequent boilmg and contmued evaporation on the steam bath for a further 
penod of an hour or more The fatty acids of the soaps were nov\ liberated by the 
addition of accurately measured 5 cc n/10 HCl The contents of the flask were 
boiled down on a free flame to about 1 cc , 10 cc of absolute alcohol and two drops 
of a 0 5 per cent phenolphthalem m 50 per cent alcohol were added, and the solution 
brought to boilmg The final titration with carbon dioxide free n/10 NaOH was 
then earned out with a burette graduated m 0 02 cc divisions and provided with 
a fine tip The titration was earned on to a hght pmk color which persisted for at 
least one mmute Each set of detennmations was accompanied by two or three 
blank detennmations on the reagents alone, and the blank figures were subtracted 
from the final titration Frequent checks with solutions of pure tnpahnitm, 
tnolem and tnbutyrm, and nnth mixtures of these fatty acids were performed, and 
these detennmations convinced us that the simple method as outhned above yielded 
results which were accurate withm S per cent of the theoretical values The chief 
advantages of this modification over the ongmal method are m the certamty of 
more complete saponification of the fat,m the use of larger samples of matenal and 
m obviatmg the use of the Rehberg nucroburette which is difficult to obtam and to 
manipulate By this method the analyses yield figures which mclude the free 
fatty acids, and the acids combmed m the neutral fats, soaps, cholesterol esters and 
m the phosphatids The figures or total fat given m the tables were calculated m 
terms of tnpalmitm and are therefore not stnctly comparable u ith figures obtamed 
by the use of other methods mvolvmg the weighmg of the total soluble fat or by 
means of nephlometnc comparison agamst an arbitrary standard of a mixture of 
fatty aads 

The lodme number of the fat was detennmed m the alcohol ether extracts by 
the adimrable microadaptation of the well known Hanus method desenbedby 
Gibson and Howard (7) and used by these authors for the determination of the 
iodine number of the blood fats m pernicious anemia In tables 1 and 2 the iodine 
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figures are given in two columns In the first column are shown the grams of 
Iodine absorbed by 100 grains of fat 

Cholesterol determinations were made from the same alcohol-ether extract as 
the fats according to Saclcett's (8) modification of Bloor’s method for the deter- 
mination of cholesterol m whole blood and serum. 

The basal raetabohc rate was determined by means of the Benedict Roth appsra 
tus by the routme procedure anployed in this hospital 

In table 1 are presented the results obtained for the total fatty 
aads, the iodine absorption and the iodine number m eleven normal 
mdividuals In the group which was studied during a fasting penod, 
the blood was collected before breakfast, at least 16 hours after the 
previous meal In four of these the blood was collected both fastmg 
and agam 2j to 3 hours after a moderate lunch The second group 
gives the figures for blood collected at vanous times after eatmg 

As will be observed, qmte constant figures were obtamed for the 
fasting state The total fat of the plasma vaned between 333 and 
492 mgm. per cent, average 426 mgm. per cent The lodme absorbed 
vaned from 316 to 412 mgm per cent, average 351 mgm , while the 
iodine number of the fat vaned between 66 and 104, average 84 
Remarkable constancy was found for any given mdividual on whose 
blood analyses were repeated on different days With the mgestion 
of ordinary mixed food it was found, as expected, that m 1 to 3i hours 
the concentration of the total fat of the blood had risen greatly to an 
average of 51 per cent above the fastmg average The lodme ab- 
sorbed per 100 cc, plasma rose 23 per cent higher, while the lodme 
number (degree of unsaturation) of the fatty aads had fallen 18 per 
cent of the fasting average This seems to mdicate that the post- 
prandial mcrease m the blood fat is chiefly accounted for by the 
saturated fatty ands 

In table 2 are presented data upon sixteen patients m vanous stages 
of thyroid intoxication Most of these, as far as could be deter- 
mined, were not given any speaal treatment or medication before our 
study began The exceptions are recorded m the last column under 
“Remarks ” It will be noted that m 13 of these cases the initial 
plasma fat concentration is considerably lower than in the normal 
subjects, varymg from 123 to 307 mgm. per cent. This low plasma 
fat IS in every case associated with a high iodine number, but the 
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amount of lodme absorbed per 100 cc of plasma appears to be within 
our normal range It seems, therefore, that the absolute concentra- 


TABLE 1 

Tolal folly actd concentralion (as Irtpalmtim) and todtnt number xn blood plasma from 

normal individuals 


Subject 


Date 

Total 

fatty 

aaafi 

Todmc 

absorbed 

Iodine 

num 

her 


Remarks 


Fasting 





srams 

mttin per 
100 cc 
plasma 

grams 

l^cc 

plasma 
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November 

4 

0 338 




E N 1 

December 

30 

0 333 

0 357 

98 


1 

Jamiaiy 

24 

0 355 


104* 


F B 1 

December 

30 

0 487 

0 327 

67 


January 

31 

0 492 

0 341 



L F 

January 

31 

0 492 

0 381 

77* 


F H 

January 

31 

0 369 

0 316 

86* 


H.C 1 

February 

12 

0 446 


92 


January 

16 

0 458 

0 412 

90 


M G 

January 

31 

0 338 

0 327 

97 


I W 

January 

31 

0 492 


66 


Average / 

0 426 

0 351 

84 
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Not fasting 


E N 

Janimry 

24 

0 556 


66 

2 5 hours after moderate meal 

F B 

January 

31 

0 860 


45 

3 hours after moderate meal 

I F 

January 

31 

0 630 


66 

3 hours after heavy meal 

F H 

January 

31 

0 557 

limBl 

68 

3 hours after heavy meal 

W P 
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2 



69 

2 5 hours after hght breakfast 

T C 

December 

6 


0 526 

95 

3 5 hours after hght lunch 

E B 

December 

2 


0 622 

73 

1 2 hours after heavy meal 

D D 

December 

6 

0 492 

0 365 

74 

1 hour after hght limch 

Average 

0 641 

0 434 

69 5 

Non-fasting 


•Repeated same day after takmg food (see below m this table) 


tion of the unsaturated fatty acids is not increased m these cases, and 
that both the lowenng of the total fat and the high iodine number of 
the plasma fat are due to a defiat m the saturated fatty aad radicals 
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Under iodine therapy, with or without operation, the total plasma 
fat nses remarkably, often to a concentration much higher than that 
found m fastmg normal subjects That the nse m plasma fats under 
this treatment is due largely to an mcrease m the saturated rather than 
the unsaturated fats, is again shown by a sharp drop m the lodme 
number of the fat, while the absolute amount of lodme absorbed per 
100 cc. plasma remains approximately constant or even nses m some 
cases Joblmg and Petersen (8), atmg older literature, pomted out 
some years ago that the administration of iodides tends to saturate 
the unsaturated fatty aads and thus destroy their anbtryptic prop- 
erty If such saturation or oxidation of the unsaturated fatty aads 
occurred m our hyperthyroid cases, it must have taken place but to a 
shght extent, for the absolute amount of lodme absorbed per 100 cc. 
of plasma did not decrease The mcrease m the total fatty aads m 
the arculatmg blood was, as pomted out above, due to an accretion 
of saturated fatty aads 

The cholesterol detennmations mdicated low values m the more 
severe cases of hyperthyroidism and a defimte mcrease towards the 
normal or shghtly above the normal range as symptoms improved 
The mcrease appears to parallel the mcrease m the saturated fatty 
aads Low figures for the blood cholesterol have been reported by 
Dennis (101 in four cases of severe hyperthyroidism and figures withm 
normal lirmts m four mild cases No consecutive figures throughout 
the course of the treatment were given, and no data are given upon 
which to judge of the seventy of the disease or of the exact diagnosis 
Epstan and Lande (11) pubhshed m 1922 an mteresting senes of 
figures showmg an mverse relationship between the basal metabohc 
rate and the cholesterol level m the blood m certam conditions Low 
cholesterol figures are reported m cases of exophthalimc goitre and 
toxic thyroid adenomas On the other hand m a senes of cases with 
subnormal basal metabohsm, mdudmg myxedema and nephrosis, 
high blood cholesterol figures were found Thyroid therapy m some 
of these latter cases as well as m two cases of nephrosis recently 
reported by Liu (12), resulted in a lowenng of t)ie blood cholesterol 
as the basal metabohc rate came down and the climcal symptoms 
improved 
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These observations upon the fatty aads and cholesterol indicate 
that significant changes m fat metabolism occur under lodme therapy 
m cases of thyroid mtoncation In general the data m table 2 show 
that the mcrease m the blood fat accompames the lowenng m the 
basal metabo'hc rate and the chmcal improvement Beyohd the fact 
that the surface tension of the blood serum is definitely lowered m 
h 3 iperthyroid disease (1) there does pot appear to be any obvious 
parallehsm between it and the fat figures presented The surface 
tension often remains low after lodme therapy even when the fats 
have returned to a normal level 

SHUMARV 

Data are presented on the distnbution of the fatty aads and their 
relative degree of unsaturation (lodme number) m the blood plasma of 
eleven normal mdividuals and m sixteen cases of hyperthyroid disease 
before and after lodme therapy 

The total fatty aads of the plasma are markedly decreased m the 
untreated cases and the lodme number of these aads is greatly m- 
creased These changes appear to be due not to an mcrease m the 
unsaturated fatty aads but to a decrease m the saturated adds 

Under iodine treatment and after operation, comadent with the 
lowenng of the basal metabohc rate, the total fat rises and the lodme 
number drops to normal because of an absolute mcrease m the satu 
rated fat content of the plasma. 

The cholesterol content of the plasma is low m the more severe 
cases of hyperthyroid mtoncation It rises with the mcrease of the 
saturated fatty aads as the chmcal symptoms improve, and the basal 
metabohc rate returns to normal under lodme treatment and operation 

The wnters wish to acknowledge the help of Miss Beulah Schaub 
in the determmation of the basal metabohc rates 
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THE CARDIODYNAJiIIC CHANGES IN THE AORTA AND 

LEFT VENTRICLE DUE TO STENOSIS OF THE 
AORTA 

Bv LOUIS 'J KATZ, ELAINE T RALLT' antj SHEO NAN CHEER* 
ipTom the Department aj Phyriotogv Western Reserve University Medical ScIieP Cleveland) 

(Received for publication September IP 1927) 

INTHODUCTION 

Our understanding of the djuiamtc changes which occur m stenosis 
of the aorta is inadequate in certain respects Part of the deliaency 
can beattnbuted to the inaccurate methods used m recording pressure 
curves This can be obviated by using optically recordmg manom- 
eters of high effiaency, particular!) if the aortic and left ventncular 
pressures are recorded simultaneous!) Cunously enough such rec- 
ords are lackmg 

An anal) sis of the optically recorded pressure curve of the left 
ventncle during varying stages of stenosis of the aorta also gives 
accurate information of the effect on contraction produced by pre- 
vention of ejection and shortemng to vanous extents V'hen 
the aorta is stenosed, the ventricle contracts more nearl) isometn- 
caU) , the closest approach occurring when the stenosis is complete 
Thus complete stenosis, espeaally if it be produced in the pulmonary 
arter) , offers an opportumty of studymg the isometnc contraction of 
the mammalian ventncle, a subject that has been neglected 

An analysis of the optically recorded aortic pressure cun e is impor- 
tant also because it ma) help to account for the sudden interruption in 
the central pulse, which Fed and Katz (1) have shown is the attlage 
of the anacrotic wave m the radial pulse No evidence is avadable 
to indicate whether the characteristic changes m the optical records 
of the subclavian pulse of patients wath aortic stenosis also occur in 
the aortic cune m expenmental stenosis of the aorta 

* Cnlc Research Fellon 

RocLefcllcr Foundnlion Research Fellow from Pekmg Union Medical College 
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Fig 1 A Cast ot the Interior or the Left Ventricee and Aorta of a Dog 
;Made Immediately after Death (Posterior View) is Reproduced 
TO Show the Location of the Constriction (Indicated by 
AN Arroh) and Its Hour-glass Shape 

We are ladebted to Dr H Goldblatt for making the cast and to Prof T W 
Todd and his staff for the photograph 
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In the present report these matters ■will be discussed on the basis of 
optically recorded pressure curve simultaneous!) obtamed from the 
aorta and left \entncle dunng vanous stages of stenosis of the aorta 

METHODS 

The pressure changes were registered bv opticallj recording manometers (Wig 
gers and Baker (2)) using the double sht lamp of KaU and Baker (3) to avoid 
parallax between the too curves The pressure in the two chambers at anv 
given moment was thus recorded m exactly the same vertical plane The dogs 
were anesthetixed with morphme and sodium batbitol injected intravenously 
The method of exposing the heart and inserting the manometers was the one cus 
tomanlv used m this laboratory The vanous degrees of stenosis were produced 
by tightening a hgature around the aorta, using a specially designed screw arrange 
ment for this purpose. The ligature Mas placed about 1 cm, or less above the 
free margm of the semilunar valves, the location bemg confirmed at autopsy 
The constnction produced m this fashion Mas hour glass m shape, as can be seen 
in the photograph (fig 1 , indicated bv on arrow) of a plaster cast made unmediatelv 
after the death of one of the animals The aortic manometer was inserted through 
the left subclavian arterj so that the end of its cannula was m the aorta about 1 
octL distal to the neck of the constnction 
The experiments were made under various conditions of artenal resistance, 
venous return and heart rate The amount of ahwlar COi Mas maintained con 
stant dunng each experiment The vagi Mere cut in most cases, in a few, however, 
the> were left intact 


RESULTS 

The changes produced by stenosis of the aorta present a complicated 
picture because the effect of the primary changes are counterbalanced 
(or enhanced) by compensatory mechanisms These compensatory 
mechanisms appear quickly and tend to persist as long as the stenosis 
IS present Expenmcntal stenosis, as earned out m this research, 
increases the coronary flow and thus has little if an> effect, provided 
the cardiac nutntion is adequate to start mth In several ammals 
the effect of impairment in cardiac nutntion m this condition was 
determmed by analyzmg the changes which occur m the nght ventn- 
de when the pulmonary artery w as stenosed, a stenosis m this location 
leads to a decrease m coronary flow 
The mechomcal compensatory mechanisms are probably of the 
same nature m the acute expcnmcnls as in the dinical cases The 
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short stretch of aorta between the valves and the constriction intro- 
duces no significant capacity factor which could prevent retention of 
blood within the ventricles 

In other respects the experiments are different from the chnical condi- 
tion of aortic stenosis For example, ventricular hypertrophy, aortic 
insufficiency and myocardial involvement which usually complicate 
the chnical case are absent m these acute experiments Our object 
was not to reproduce aU the mechanisms which appear m clmical cases 
of aortic stenosis, but rather to evaluate the primary dynamic changes 
m stenosis of the aorta, to see how they are modified by concurrent 
changes which the associated increase in diastolic stretch produces, 
and to determme the further modifications which nutritional impair- 
ment rmght give nse to Such an analytical method is a necessary 
step m obtaining a clearer idea of the manner in which the chnical 
picture is produced, but it is only the first step 

A comfiartson of ihc changes tn the left ventricular pressure curoe with 
those occurring in the aortic 

The fact that the aorta and left ventncle are in free communication 
dunng ejection would lead one to expect that during this period the 
contour of the aortic and left ventricular curves would be the same 
The control curves (figs 2A, 3^4 and 6^4), show such similarity 
dunng ejection, that is to say, from the time the pressure m the aorta 
begms to rise until the mcisunc drop tabes place As a matter of 
fact, it became clear to us that when this siimlanty was not present 
m control records, for example, m segment A of figure 8, some artefact 
had been mtroduced dependmg on the placement of the ventncular 
cannula opemng (Wiggers (4)) Such ventricular curves were dis- 
carded m this analysis 

When the aorta was stenosed the similanty of the curves durmg 
the ejection phase disappeared, the disparity increasing as the stenosis 
was increased, compare, for example, the portion of the pressure 
curves between the rise of the aortic pressure and the mcisura in 
segments B, C, uTth the corresponding portion of the curves in seg- 
ments A of figures 2, 3 and 6 It will be seen that although the 
amplitude of the aortic curve decreases, the amphtude of the ventric- 
ular curve increases, and that although the gradient of the nse of 
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curve IS the aortic pressure, the lower, the intraventricular Time each double vibration equals 0 02 of a second 
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pressure m the aorbc curve becomes more gradual, it becomes steeper 
m the ventricle The location of the peak is also different in the two 
curves The ventricular curve is free from the vibrations which appear 
dunng systole m the aortic curve, and there is no suggestion of a vibra- 
tion equivalent to the anacrotic mcisura present in the latter These 
last two differences aie not attributable to a less sensitive recording 
membrane on the ventricular manometer, as the difference in sensi- 
tivity of the two recordmg membranes was small and m several in- 
stances practically absent • 

The disappearance in the similanty of the basic form of the two 
pressure curves dunng ejection when the aorta is stenosed anses from 
the fact that the two chambers are no longer in free communication 
while blood is being ejected The steeper and larger rise m ventncu- 
lar pressure dunng this jienod, and the slower and smaller nse in 
aorbc pressure are due to the decrease m thf rate of conversion of 
potenbal mechanical energy in the ventncle to kinehc energy of flow 
The development of tension in the ventncle is thus facilitated while 
the stretch of the artenal wall beyond the constnction is retarded 
When the stenosis is complete, as m segment C of figure 3, no eictemal 
work IS done, except for pumping blood through the coronary artenes, 
practically all the effort is static, that is to say, is used in raising the 
pressure m the ventncle and its contents to a certam level for a cer- 
tain bme penod In complete stenosis of the pulmonary artery, all 
the effort of the nght ventncle is static in this sense, if the ventncu- 
lar volume were known, the total mechamcal energy, so hberated, 
could be calculated and its van&tion wnth altered diastohc stretch 
and nutntional condibon estimated 

The detailed descriplwn of changes tn the intraventricular pressure cune 

Stenosis of the aorta (or pulmonary artery ) caused an increase m 
the area enclosed beneath the pressure time curve of the left (or nght) 
ventncle This increase resulted from mcreasing the height of the 
curve, its duration and the steepness of the ascending and descending 

’ The anacrotic jog present in the ventncular record of figure 8 B is an artefact 
which IS more pronounced m the control record, segment A It is, therefore, to 
be disregarded 
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limbs These changes m contour are seen in figures 2 and 3, and m 
the superimposed curves of figure 4 ^ 

The maximum pressure attained by the ventricle mcreased pro- 
gressively as the degree of stenosis was increased, reachmg values of 
250 to 325 mm of mercury in complete occlusion of the aorta, a three 


+ + + + 



Fig 4 Superimposed Left Ventricular Curves (about Natural Site) Are 
Reproduced to Show the Effect of Stenosis of the Aorta on the 
Pressure Changes in This Chamber 

The curves are superimposed at the onset of the pressure nse, ignoring differ- 
ences in initial tension N is the normal record, and -h-h-t-d-, two stages 
of stenosis of the aorta The details are descnbed m the text 

to five-fold augmentation above control values (fig 3^1 and C and fig 6 
A and D) These changes agree very closely with those descnbed 
by de Heer (5) 

The use of a magnifying lens is advised to make the changes m gradient more 
distmct 
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The rounded arch;shaped summit of the normal pressure curve 
disappeared and ivas replaced by a summit which progressive!) became 
more peaked as the contraction of the ventricle became more isometnc 
The time at which the peak was reached was vanable The progres 
sivelj later occurrence of the peak, which de Heer’s (5) cun es show, 
and which might lead to the behef that its position m the \ entncular 
curve Has the same os m the aortic, did not occur m most of our 
records In many cases the relation of the peak to the nse of pressure 
remained unchanged, in others (fig 6), it occurred earher Occasion- 
allj it shifted m one and then m the other direction in the same ex- 
periment as the degree of stenosis was augmented Its location is 
doubtlessly dependent on the manner m which the contraction and 
relaxation processes m different fractions of the ventricle summate 
The usual effect of the stenosis was to prolong the duration of the 
curve (figs 2, 3 and 4) A similar difference m duration was noted 
by Fulton (6), between skeletal muscle allowed to shorten and the 
same muscle contractmg isometncallj WTule Fulton could ascribe 
this change m his experiments to the prevention of shortemng m our 
expenments it might be due to the mcrease m initial tension (Wiggers 
and Katz (7), and Wffggers (8)), which accompames the stenosis 
(hg 3) The increase m imtial tension (or diastohc stretch) was always 
present This agrees with the observation of Straub (9) and with 
the finding of an increase m the diastohc volume by Straub (9) and 
de Heer (5) m similar types of stenosis The inabiht) of Ludentz (10) 
and de Heer (5) to note an increase in mitial tension can be ascribed 
to their failure to record a base hne 
In mild stenosis the change in imtial tension may be so small as not 
to be readily measurable The changes were made more distmct by 
accurately retracmg the curves on cohrdinate paper, after magmfying 
them four fold m a rcflectoscope, so that their base hnes comaded 
That the increase m diastohc stretch is not the sole cause for the 
prolongation of the curre is shown m contmuous records taken im- 
mediately after the stenosis was made A prolongation of the curve 
was present in the beat following the production of stenosis before 
am apprcanble mcrease in diastohc stretch occurred 
The mteraction of the pnmarj effect of stenosis and of the assoaated 
change in diastohc stretch ma> be made clearer by describing a tj-pical 
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expenment (fig 5) In this figure the normal pressure curve of the 
right ventricle (iV) and the first and second beat (I and 2) following 
immediately after the production of stenosis m the pulmonary artery, 
are superimposed (Beats L and SL will be referred to later ) The 
curves are superimposed at the onset of the pressure nse so that their 



Fig 5 Superimposed Successive Right Ventricular Pressure Curves 
(about H Natural Size) Are Reproduced to Show the Efeect of 
C ojrPLETE Pulmonary Stenosis 


The curves are superimposed at the onset of the pressure nse so their base lines 
comcide N is the control, /, the curve of a cycle during the systole of which 
complete stenosis was made, 2, next beat, L, about the twentieth beat following, 
SZ, about the thirty-fifth beat The details are described m the text 

base lines coincide The stenosis m this particular case was complete 
and was made quickly during the systole of beat 1, as shown by the 
oscillation on the ascent of this curve The pressure immediately 
nses to a higher level, the summit becomes peaked, and the duration 
of the curve mcreases, and yet the mitial tension is the same as before 
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(compare beats N and 1) Such expenments show that the introduc- 
tion of isometnc conditions m itself increases the height of the curve, 
prolongs it and makes it more peaked The nse of mitial tension 
which occurs soon after (compare beats 1 and 2) augments these 
changes 

Both of these curves (1 and 2) show the contour of a completely 
isometnc contraction (or as nearly isometnc as possible) in the mamma- 
han ventncle, as compared with the normal after-loaded contraction 
(N) A comparison of the two beats (1 and 2) shows further that an 
mcrease m the imtial tension of the ventncle causes an mcrease m 
the energy output m an isometncally contractmg heart — a relation 
also true of isometncally contractmg skeletal muscle This is indi- 
cated by the increase in the area beneath the pressure time curve of 
the ventncle, which occurs m spite of the larger volume of the heart 

The contmued presence of stenosis leads in this experiment to 
dimmution m coronary flow and consequent impamnent of nutation 
The imtial tension nses stiU more m the beats foUowmg beat 2, but 
because of the impairment m nutntion, the curves become smaller m 
height and shorter m duration, although still showmg the character- 
istic peaked contour, for example beat L, which is about the twenbeth 
beat after the appearance of stenosis Fmally, as the impairment m 
nutntion conhnues, the amphtude and durabon become less than 
normal, for example beat SL which is about the thirt) -fifth beat after 
the appearance of stenosis At this time the mibal tension also 
becomes lower Similar changes, attabutable to nutnbonal impair- 
ment were noted m the other experiments made on the nght heart 

Occasionally similar nutnbonal effects occurred m the left ventncle 
after complete aortic stenoses had been made and released several 
tunes m the same animal before beginnmg the expenment Figure 
6 IS an example of such an expenment The diastohc pressure uas 
very low m this animal, the dilation of the ventacles persisted after 
the stenosis (the fifth one made) was released, and in a feu rmnutes 
the heart ceased contrachng Although the height and contour 
changes of the ventacular curve are typical, its duration is not pro- 
longed but abbreviated by the stenosis This substantiates the fact 
emphasized previously bj one of us (L N K (11)) that occassionally 
one effect of failure is an abbrexnation of the contraction time of the 
heart 
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The detailed description of changes in the contour of the aortic 
pressure curse 

A Pressure levels Before discussing the more significant changes 
in contour it is ■well to summarize the changes observed m the pressure 
levels m the aorta following stenosis This surmnarj is based on an 
analysis of the cahbrated optically recorded aortic pressure records 
In agreement with previous mvestigators, we found that the dia- 
stohe pressure fell m most instances The fall was particularlj no- 
ticeable m the beats unmedately after the mduction of stenosis but 
was present in later beats also (figs 2, 3, 6 and 7) In a few cases 
of mild stenosis, however, we found m agreement ■with Ltldentz (10), 
that a nse occurred, or the level did not change The systohe pressure 
also fell, as a rule more markedly than the diastobc, so that the pulse 
pressure also decreased (figs 2, 3, 6 and 7) In a few cases ■with mild 
stenosis and ■vigorous heart action, a temporary shght nse m systohe 
pressure and pulse pressure was present (fig 8) The mean blood 
pressure was not measured duectly, but the changes m the other 
pressures mdicate that it usually fell This is m accord ■with the 
direct observations of hlacCallum (12), de Heer (5) and Straub (9) 
The lowenng of the aortic pressure levels and the decrease m pulse 
pressure is due to the diminution m sj'stohc discharge and mmute 
output of the heart, a decrease noted by de Heer (5) and Straub (9) 
The cause is obnously the utilization of more of the mechanical energy 
of the ventncle to overcome the added obstructions caused by the 
stenosis, consequently less is left for kinetic energy of flow ‘ 

Two compensatory' mechanisms come mto operation at once how- 
ever In the first place, the fall in aortic pressure reduces the aug- 
mented resistance against which the heart works and so allows utiliza- 
tion of more mechanical energy for kmetic energy of flow In the 
second place, the retention of blood m the ventncle, by -virtue of the 
resultmg mcrease in diastole stretch causes an augmentation m the 
chemical energy exchange, shown by an increased Oj consumption, 
(Starbng and 'Visscher (13)) The total amount of available mechani- 

‘ The effect of a reduced return of blood to the left \ enlncle might be an added 
factor in the clinical case The increase m coronarx flow which accompanies the 
dimmution in penpheml flow would muiimize such an effect m these experiments 
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cal energy is thereby increased, assuming of course that the efficiency 
of the transformation is practically unchanged In mild stenosis the 
effect of the increase in diastolic stretch may be large enough to coun- 
terbalance the primary effect of the constriction and cause a temporary 
rise m the pressure levels 

B The basic form and the superimposed finer changes Stenosis 
not only causes a lowering of the pressure levels in the aorta but also 
alters the fundamental form of the pressure-time curve This con- 
sists in the ascent becoming more gradual and protracted and in the 
occurrence of the peak later in systole Certain finer modifications 
also appear, namely, fine systohe vibrations preceded by a large 
decisive doivnward vibration, located on the early portion of the 
ascending hmb of the cur\''e The mcisura at the end of ejection, 
becomes less marked, and its obscunty is often increased by vibra- 
tions The small after- vibration, which usually follows the mcisura 
m the normal curve, tends to disappear These changes are seen m 
figures 2, 3, 6, 7 and 8 

The presence of these changes in the aortic curve, which resemble 
those optically recorded in the subclavian pulse of chnical cases of 
aortic stenosis, precludes the idea that they anse in transrmssion from 
the aorta to the subclavian artery They are absent from the ventne- 
ular pressure curve and so must anse de novo at or just beyond the 
constnction 

All of the changes become more noticeable, up to a certam point, 
as the stenosis is increased The decline m the gradient of the ascent, 
for example, progressively becomes more noticeable (figs 2, 6 and 7), 
m mild stenoses, where the systolic pressure nses, a steeper ascent is 
seen occasionally (fig 8) The peak of the curve is another example, 
it tends to occur progressively later as the ascent becomes more gradual 

C The systolic vibrations These vibrations appear m the nuldest 
grades of stenosis, even when the pulse amplitude is mcreased (fig 8) 
In fact, they may be larger m such cases than in more marked stenosis 
The vibrations axe irregular m size and frequency (fig 8 B and fig 7 D) 
The vibration frequency m this senes ranged from 55 to 200 double 
vibrations per second , the range bemg somewhat less m a single beat 
The vibrations do not coincide with the onset of ejection but appear 
after an interval of 0 02 to 0 0-i of a second (figs 2, 3, 6, 7 and 8) 
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Tio 7 Fode Sfgments of \ortic Presstoe Certos (about Natural Size) 
Are Presented to Show, un; Changes in Contour at Vaeioos 
Degrees of Stenosis of the Aorta 

Segment A 15 a nomial record segments B C, D, successive mcreases m stenosis 
of the aorta from mild to fairh marked 
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They sometimes end before the mcisura, but often are visible in early 
diastole (fig 8 C and fig 7 D) The duration of the vibration mcreases 
as the stenosis becomes more marked (figs 7 and 8) The vibrations 
found in these animal evpenments resemble those observed by Fell 
and Katz (1), as to the time of their appearance, their vibration 
frequency and their irregularity 

The manner in which these records were obtamed precludes enter- 
tammg the idea that the delay m their onset and their persistence 
into diastole are due to differences in the rate at which the various 
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Fig 8 Three Segments of Original Curws (about ^ Normal Size) are 
Presented to Show the Effect of IMild Stenosis of the Aorta 

Segment A is a normal record, segments B and C, two rruld stages of stenosis 
The upper curve is aortic pressure, the vibrations are enhanced by resonance 
eSect The lower curve is left ventncular pressure, the wave on the ascendmg 
limb IS an artefact, as is also the summit which follows This is mdicated by the 
fact that m the normal curve (segment A) the contour of the ventncular curve 
does not resemble that of the aorta Time each double vibration equals 0 02 
of a second 

types of pressure changes are transmitted to the recording membrane, 
masmuch as the entire hqmd recording medium was encased m a ngid 
tube and the distance from the stenosis to the rubber membrane was 
approximately 15 cm The sensitivity of the membrane which is 
relatively low for such a purpose, however, tends to dirmnish the 
amplitude of the vibrations, so that m certain cases, as in segments B 
and C of figure 2, they are barely discernible In some cases, on the 
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Other hand, as m segments B and C of figure 8, resonance effects 
probably mcrease their amplitude. The vibration frequency of these 
manometers (about 200 double vibrations per second) tends- further- 
more, to distort the -vibrations somewhat. The properties of the re- 
cordmg membrane employed, however, do not mtroduce any apprea- 
able delay m their registration (Broemser (14)) 

The vibrations are due to eddies and consequently more or less 
harmomc vibrations, produced by the axial stream flo-wmg beyond 
the constncUon Their amphtude and vibration frequency are deter- 
nuned by the degree of the hour-glass distortion of the artenal wall, 
by the veloaty -with which blood flows past the constriction, and by 
the physical properties of the blood-filled elastic tube beyond The 
delay m then onset is due to the mertia of the artenal system This 
may also account m part for their persistence after ejection has ceased 
The persistence may also he due to a backward movement of blood, 
which occurs dunng protodiastole (Frank (IS)) While such explana- 
tions may account for the vibrations occurring immediately after 
ejection, they cannot explam those which appear later (fig 8 C) 
The latter may be the result of the rapid emptying of the aorta proxi- 
mal to the constriction after the semilunar valves are closed It is 
evident that when ejection tenmnates the pressure m this portion 
must be considerably higher than m the rest of the aorta 
D The sharp vibration on the ascending Imb The sharp -vibration 
which IS characteristic of stenosis, appears even m mild stenosis 
(fig 8 B), but is more distmct m moderate stenosis (figs 2 B, Z B, 
and 6 B and fig 7 5, C, 22 In more marked stenosis it agam becomes 
less distmct (figs 2 C and 6 C) The vibration usually appears as a 
steep downward masura followed by an equally steep nse, on rare 
occasions, in mild stenosis, it may start -with a component directed 
upward (fig 8) The normal aortic pressure curve is free of such a 
sharp -vibration although occasionally, as m segment A of figure 3, 
a shght -vibration may be seen This, -ahen it occurs, is always close 
to the maximum pressure level in the aorta, whereas the -vibration in 
aortic stenosis always occurs on the ascendmg hmb The position 
of the -vibration -vanes as the degree of stenosis is changed The 
changes which occur m the -vibration dunng the early stages of stenosis 
can be followed best by analyzmg the records shown m figure 7 It 
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Will be seen that as the stenosis increases, the ascent preceding the 
vibration becomes less steep, its duration decreases and its height 
diminishes In other words the vibration occurs progressively earher 
and lower down on the hmb as the stenosis becomes more marked 
Actual computations based on fourfold magnification of these curves 
show that the level at which the vibration starts is 75 per cent lower 
m segment C than m B, and 60 per cent lower m D than m C In 
segment B it starts 0 02 of a second after the onset of ejection, whereas 
m C and D it starts sooner, namely 0 016 and 0 011 of a second after 
the onset of ejection, respectively The vibration, at the same time 
becomes larger, has steeper gradients and a shghtly shorter duration, 
that IS to say, its duration m segment j5 is 0 010 of a second, m C, 
0 009 and m 77, 0 008 of a second 

The fact that this vibration has a steeper gradient than the ascent 
precedmg it, excludes the possibihty of its bemg a reflected wave from 
the constriction or any other pomt It must be a forced vibration, 
in the same sense that Frank (16) uses the term m calhng the masura 
of the normal pulse a forced vibration 

The “breaking of the wave front” h 3 rpothesis of Bramwell (17) to 
which he attnbutes certam anacrotic vibrations, cdnnot be the cause 
m aortic stenosis, as the wave front is less steep than normally and 
consequently such a phenomenon could not possibly occur m the 
short distance of 1 cm which separates the constnction from the 
opemng of the manometer 

An explanation is offered which wiU rationally account for such a 
vibration It is weU-known that when a flmd stream is suddenly 
forced through a narrow opemng mto a larger tube, the stream becomes 
axial m the larger tube and tends to create a sudden sharp reduction 
m pressure m the margmal region A s imil ar phenomenon occurs m 
the aorta beyond the stenosis The puU of this reduced pressure 
reacts on the wall of the aorta and sets up the vibration which we have 
described Obviously the greater the veloaty of the axial stream, the 
more marked will be the reduction m the margmal pressure and hence, 
the larger will be the vibration set up Such an mcrease m the veloc- 
ity of the axial stream accompames the narrowing of the constnction 

This anacrotic vibration is the anlage of the anacrotic mterruption 
m the radial pulse, just as the masura is the anlage of the diaotic 


wave 
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TABLE 1 

Effect of stenosu of the aorta on the duration of phases of cycle 


Experhsont 

ntmibcr 

I>«|Teeof 

xtesnii 

Ihintkm of 
bometrk 
cootnetiofi 
plLue 

DorAtion of 
ejection 

1 

IhmtioD of 
toUl lyitole 

Ihintloa of 
precetUn* 
dlutole 

Duntlon of 
cyde 

70-1* 

0 

stcoitdt 

0 052 

0 107 

ttesnis 

0 159 

tttnis ! 

0 167 

0 326 

4 

++ 

0 038 

mum 

0 158 

0 165 

0 323 

2 

++++ 

0 038 

in 

0 178 

0 142 

0 320 

70-21* 

0 

0 032 


0 182 

0 258 

0 440 

22 

++ 

0 030 

0 140 

0 170 

0 244 

0 414 

23 

++++ 

0 023 

0 132 

0 155 

0 235 

0 390 

74-1* 

0 

0 039 

0 093 

0 132 

0 130 

0 262 

2 

± 

0 037 

0 101 

0 138 

0 160 

0 298 

3 

+ 

0 03S 

C 102 

0 140 

0 160 

0 300 

4 

++ 

0 035 

0 113 

0 148 

0 147 

0 295 

5 

0 ' 

0 035 

0 095 

0 130 

0 195 

0 325 

7 


0 037 

0 130 

0 167 

0 178 

0 345 

8 

++ 

0 038 

0 117 

0 155 

0 158 

0 303 

9 

+++ 

0 038 

0 122 

0 160 

0 163 

0 323 

74-24t 

0 

0 043 

0 095 

0 138 

0 202 

0 340 

25 

+ 

0 040 

0 108 

0 148 

0 205 

0 353 

26 

++ 

0 040 1 

0 no 

0 ISO 

0 188 

0 338 

74-39t 

0 

0 038 

0 130 

0 168 

0 440 

0 608 

40 

+ 

0 040 

0 165 

0 205 

0 412 

0 617 

41 

++ 

0 040 

0 142 

0 182 

0 383 

0 565 

7S-lt 

0 

0 050 

0090 

0 140 

0 145 

0 285 

2 

+ 

0 048 

0 095 

0 143 

0 145 

0 288 

3 

++ 

0 053 

0 095 

0 148 

0 143 

0 291 

5 

+++ 

0 010 

0 107 

0 147 

0 133 

0 280 

75-lOt 

0 

0 028 

0 124 

0 152 

0 370 

0 522 

12 

+ 

0 030 

0 130 

0 160 

0 370 

0 530 

13 

++ 

0 032 ' 

0 133 

0 1« 

0 380 

0 545 

15 

++++ 

0 032 

0 139 1 

0 172 

0 403 

0 575 

76-lt 

0 

0 058 

0 168 1 

0 226 

0 215 

0 441 

3 

++ 

0 055 

0 200 i 

0 255 

0 163 

0 423 


* Vagi Intact 
t Vagi cut 

t Vagi cut During action of pilocnrpln 
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TABLE 1— Concluded 


Expenment 

number* 

Decree of ^ 
stenosis 

Duration of 
isometric 
contraction ' 
phase 

Duration of 
ejection 
phase 

Duration of 
total systole 

Duration of 
preceding 
diastole 

Duration of 
cycle 



seconds 

seconds 

seconds 

seconds 

seconds 

76-9t 

0 

0 042 

0 160 

mEm 

0 215 

0 417 

11 

++ 

0 035 

1 

0 190 

n 

0 180 

0 405 

80-lt 

0 

0 032 

0 105 

0 137 

0 215 

0 352 

2 

+ 

0 032 

0 113 

0 145 

0 220 

0 363 

3 

+++ 

0 040 

0 130 

0 170 

0 193 

0 363 

80-51 

0 

0 032 

0 103 

0 135 

0 230 

0 365 

6 

+ 

0 032 

0 108 

0 140 

0 205 

0 345 

7 

+++ 

0 032 

0 130 

0 162 

0 195 

0 357 

80-17 § 







Beat 2 

0 

0 023 

0 100 

0 123 

0 205 

0 328 

Beat 4 

+ 

0 023 

0 100 

0 123 

0 200 

0 323 

Beat 6 

+ + 

0 030 

0 103 

0 133 

0 192 

0 325 

Beat 9 


0 035 

0 110 

0 145 

0 185 

0 330 


§ Vagi cut Consecutive beats in case of progressively increasing stenosis 


The changes in duration of the phases of the cardiac cycle 

In the course of this investigation a systematic analysis was made 
of the duration of the phases of systole and the changes m cycle length, 
with the idea of companng them with changes observed in chmeal 
cases The data of typical expenments are given m table 1 

The results may be succmctly stated as follows The cycle shortened 
shghtly m most cases as the stenosis mcreased, regardless of whether 
the vagi were cut (last column) This is contrary to chnical experi- 
ence The abbreviation was not always present, m some cases practi- 
cally no change occurred, (for example, m expenments 70, 1, 75, 1 
to 5, 80, 17) m others a lengthenmg vas noted (for example, in expen- 
ment 75, 10 to 15) The part played by such factors as reflexes, and 
by mechanical stimulation of nerves caused by the hgature cannot be 
ascertamed at present 

Total systole" lengthened, as a rule (column 5, table 1) On rare 

" Only those beats m which the end of ejection could be accurately determined 
were measured 
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occasions when heart faflure was imminent, it shortened (for example, 
m experiments 70, 21 to 23) The lengthemng of total systole was 
due to an mcreased duration of ejection and often occurred m spite 
of an unchanged or even an abbreviated isometnc contraction phase 
(columns 3, 4 and S, table 1) The lengthening of ejection and total 
systole was most noticeable m marked degrees of stenosis. In mild 
stenosis it was sometimes absent (for example, m experiments 80, 17, 
beats Z and 4) The changes m the systohc phases were snnilat to 
those noted m dmical cases (Katz and Fell (18)), except that the con- 
sistent lengthenmg of the isometnc penod was absent m the animal 
esipenments They agree more closely with those made by Ltldentz 
(10) and by de Heer (5) on animals 

The lengthemng of systole and ejection is m part due to the mcrease 
m diastohc stretch (Wiggers and Katz (7)) accompanymg the stenosis 
but probably also to the prevention of shortemng (Fulton (6)) The 
shght changes m the isometnc penod are the result of the opposmg 
action of the greater diastohc stretch and greater artenal resistance, 
the former tendmg to abbreviate and the latter to prolong this penod 
(Katz and Fell (18)) 

SUMMARY 

1 An analysis was made of the effects produced by stenosis of the 
aorta I cm above the free margm of the semilunar valves, based on 
optical pressure curves recorded simultaneously from the aorta and 
left ventncle 

2 The condition thus produced allows a better opportunity to 
evaluate the primary effects of the stenosis and the immediate mechani- 
cal compensatory mechanisms than the dmical case 

3 The contour of the left ventncular curve is altered by stenosis 
of the aorta Its height is mcreased and the summit becomes more 
peaked as the contraction becomes more isometnc At the same time, 
its duration mcreases and the ascent and descent are steeper No 
fine vibrations are superimposed 

4 The cha n ges m the pressure curve are shown to be partly the 
result of the constnction itself which decreases the conversion of 
the potential mechamcal energy to kmetic energy of flow and partly 
the result of the increase in the diastohc stretch of the ventnde 
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5 The effect of impaxrmg the nutrition of the heart was analyzed 
by repeating the experiments on the right heart This causes an 
abbreviation m duration and a decrease m the height of the pressure- 
tune curve m spite of the opposmg effect of the stenosis itself, and of 
the increased diastohc stretch 

6 The pressure curve of a completly isometnc contraction of the 
nght ventnde is reproduced 

7 The normal parallelism m the fundamental contour of the aortic 
and left ventricular curves durmg the ejection period disappears when 
a stenosis is created The amphtude of the curves, as well as the 
gradients of the ascent, change m opposite direckions, and the peaks 
no longer comade m time 

8 The changes m the aortic pressure curve produced by the stenosis 
are summarized as follows 

a Deaeased pulse amphtude 
b Lowered level of the pressures 
c Prolongation of the ejection period 
d Dimmished gradient of the ascent 

,e Less decisive masura with obscunng of its after-vibration 
/ Supenmposition of systohc (and early diastohc) vibrations on 
the curve 

g Appearance of a sharp vibration low down on the ascent of the 
curve 

9 The resemblance of the aortic curve to optical curves recorded 
from the subdavian artery in dim cal cases of aortic stenosis is evident 

10 The delay m the onset of the systohc vibrations, as well as 
their persistence mto diastole, is pomted out 

11 The sharp vihration on the ascent, which changes its position 
with different degrees of stenosis, is analyzed and evidence is given to 
show that it IS a forced vibration 

12 It IS suggested that this vibration is created by the suction 
action of the suddenly produced swift axial stream beyond the con- 
striction 

13 The importance of this vibration as the anluge of the anacrotic 
wave m the radial pulse is agam emphasized 
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BLOOD VOLUME IN FEVER 

By HERBERT C SOXH^E THOMAS E BUCKMAN akd DAN C. DARROW 
(From the Pediaine Service of the Botton City Hospital and U askiK(ton University and 
St Loitis Children s Hospital) 

(ReceKed tor publication October 4 1927) 

It has long been recognized that there are disturbances in water 
metabolism dunng fever, and mcreasmg the water intake is now the 
most umversaUy apphed therapeutic measure used m controlhng 
fever The present study was undertaken to determine whether dur- 
mg fever there are fluctuations m blood volume that might be con- 
sidered as reflections of the disturbed water metabohsm 
In general, there is retention of water by the body as a whole durmg 
fever and release of this water agam after defervescence In 1869, 
the work of Leyden (1) demonstrated this as well as the increased 
heat production dunng fever These facts have been rediscovered a 
number of times and gradually knowledge has emerged as to where the 
water retained dunng fever is stored Water retention durmg pn- 
mary pneumonia in children was demonstrated by weight charts 
(Lussky and Fnedstem (2)) Bj means of an elastimeter water 
retention in the skin of ten cases of pneumonia m children was shown 
by Maver and Schwartz (3) Babies with fever escrete tvater given 
by mouth more slowly than normal babies (Husch f4)) and tbis seems 
to be due to actual ivater retention Studies of scarlet fever show 
that the weight remams constant or that there is a shght gam m weight 
during the penod of fever and this is accompanied by a positive chlo 
nde balance and dilution of the blood as measured by the serum 
protein concentration (Oppenhcimer and Reiss (5)) During fever 
a gam m weight is accompanied by a lowering of the concentration of 
the serum protein but dunng convalescence there may be a gam in 
weight with a constant serum protein concentration The authors 
interpreted the results to mean retention of ivater and salt dunng 
fever accompanied by a moderate blood dilution Similar results 
ware found m pneumonia (Sandelmvsky (6)) except that m some of the 
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more severe cases, the author felt that part of the decrease m senun 
protem concentration was due to consumption of the protems 
Peabody (7) demonstrated a retention of chlondes, sodium and calaum 
and an mcreased excretion of phosphorus and magnesium durmg 
pneumonia By analyses of the tissues, he came to the conclusion 
that the chloride retention could not be accounted for either by the 
pneumomc exudate or storage m mcreased concentration elsewhere 
and therefore was lead to assume a generalized storage of water 
throughout the body Thus previous studies of water metabolism 
seem to favor the view that durmg fever water and salts are retained 
diffusely throughout the body 

It IS not known why water should be held m the body durmg fever 
The retention of water and of salts are probably ultimately parts of 
the same process Nitrogen spht products may play a part m the 
holdmg of water Cook (8) showed a rather sudden release of mtro- 
gen products m the urme after the crisis in lobar pneumoma This 
was shown not to ongmate from the exudate alone for it was more than 
could be accounted for m that manner Whipple and Cooke (9) 
found a large mcrease m the urmary nitrogen output m dogs m which 
they had mduced fever by sterile abscesses or by proteose mtoxication 
The mcreased mtrogen output comes with defervescence Little is 
known of what part mtrogen split products play m the retention of 
water durmg fever, but they do not seem to play an important r61e 
smce changes m the distribution of water between the tissues and 
blood may be brought about by conditions which do not lead to cell 
destruction 

Barbour (Iff) and his co-workers have studied the effects of warm 
and cold environments on the water content of the blood, serum and 
tissues of dogs Exposure to cold resulted m a concentration of the 
blood and serum and an mcrease m the water content of the subcuta- 
neous tissues and muscles Warm environments, except those that are 
so warm as not to pemut the body to mamtam its normal temperature, 
dilute the blood and serum with water and salts As this effect 
could be brought about by warmmg or coohng the bram alone, the 
workers felt that the changes were under the control of the central 
nervous system Bancroft (11) and his co-workers found that warm 
environments lead to an increase m the blood volume of about 20 per 
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cent Thus the body seems to be able to shift water mto or out of the 
blood stream by mechanisms involvmg no tissue injurj 
In the present paper the effect of fever on the blood volume was the 
chief subject of mvestigation In addition to the cases of typhoid 
fever, pyehtis, etc , a number of cases of pnmary pneumonia in children 
are used as examples of the effect of fever This raises the question 
of the effect of pulmonary msuffiaency on blood volume and blood 
concentration True uncompensated defiaency of pulmomc function 
IS rare An ideal example would be a state m which the arculation 
through the lungs was normal but oxygen was not readily absorbed 
and carbon dioxide not readily excreted Certam types of pulmonary 
edema approximate this condition The war gases produce an intense 
edema of the lungs, and accompanymg this there is marked concentra 
tion of the hemoglobm (Underbill (12)) A similar concentration of 
the hemoglobm was found by Underhill and Rmger (13) in post- 
mfluenzal bronchopneumoma Exceptmg states of dehydration and 
shock, the concentration of the hemoglobm found by Underhill and 
Ringer is greater than is met m any other pathological state In 
ordmary lobar pneumonia, blood concentration does not occur and the 
changes seen need not be interpreted as caused by pulmomc deficiency 
The charactensbc findmg m pneumoma is that the venous and artenal 
blood have oxygen and carbon dioxide contents which differ from each 
other less than under normal conditions It is obvious that if the 
circulation is very rapid the artenal blood will not have time to lose 
its oxygen, the tissues will have no need to absorb all the oxygen 
offered by the rapidlj cuculating blood, and the blood may not have 
time to become saturated with oxygen m the lungs If there were 
difficulty m aeratmg the blood or in excretmg carbon dioxide, one 
would find both an increased venous and artenal oxygen unsaturation, 
and the carbon dioxide would accumulate m the blood For the above 
reasons, rapid circulation seems to be the best explanation for the 
chief changes in the blood m pneumoma If this reasonmg is correct, 
other fevers may produce similar changes and it seems justifiable to 
use pnmary pneumoma as an example of fever 
The methods used in this investigation are the same as those used 
in the previous one (15) Blood volumes and chlondes i\ere deter- 
mmed on twenty cases of pnmary pneumonia in children, seven cases 
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of pyelitis, three cases of typhoid fever and four miscellaneous febnle 
patients The results are given m detail m the accompanying tables 
In mterpretmg the results, the facts brought out in the first paper 
must be kept m mmd The plasma volume is more constant than the 
blood volume and is 50 ±5 milhhters per kilogram of body weight 
except for children under three years of age when it is about 60 miUi- 
hters per kilogram But the plasma volume in early life, in general, 
IS less constant than in adults The red cell volume tends to average 
about 30 nuUfiiters per kilogram of body weight, though considerable 
variation is found 

The purest examples of a febnle state reported m this paper are the 
cases of t 3 ^phoid fever, and the results are consistent in that they all 
show shghtly high plasma volumes dunng the fever Case 1 shows 
62 and 58 milliliters of plasma per kilogram, case 3, 54 rmlhhters per 
kilogram and case 2, 59 5 rmlhhters during the fever and 40 miUihters 
dunng convalescence It should be noticed tliat m case 2, there is an 
actual loss of total plasma from 922 to 654 milliliters and that the 
change m weight does not account for the change in the proportion of 
plasma When it is taken into account that there is a retention of 
water m fever, the high plasma volumes per kilogram of body weight 
found m the other typhoid cases indicate definite increase in the total 
plasma 

The seven cases of pyehtis may be considered examples of less 
marked and prolonged fever All show shghtly high or normal plasma 
volume except cases 8 and 9 Case 8 had a loiv normal plasma volume 
of 45 7 milhhters per kilogram of body weight and case 9 the definitely 
low plasma volume of 35 5 imllihters No other distinction of this 
case from the others was found except the slightly high concentration 
of the plasma chlondes 

The miscellaneous group consisting of one patient vith thoraac 
empyema, one with mfluenza, one with tuberculous menmgitis and 
one with encephahtis shows essentially normal plasma volumes 

The cases of primary pneumonia show rather confusing results 
espeaally if one considers only the results obtained on patients on 
whom a smgle determination was made during fever The cases on 
which determmations were made after, as well as before the cnsis, make 
an mterpretation of the results from the former group of patients 
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possible and for this reason, the latter are tabulated separately 
Fourteen isolated observations of the blood volume during lobar pneu- 
monia were made One would like to relate the plasma volume 
during fever to the weight just before the illness or at least to the 
weight after recovery This might give a correction for the water 
retamed diffusely throughout the body The magmtude of thw im- 
perceptible retention of water was not appreaated at first and for this 
reason, the blood volumes are compared to the weight during fever 
Studymg the fourteen cases m this manner, ten show essentially normal 
plasma volumes, two high and two low plasma volumes Case 16 
shows 51 miUihters per kdogram as compared to a normal for her age 
of 60 m il li liters, case 26, 40 miUihters as compared to the normal of 
SO miUihters, cases 17 and 20 show 58 and 59 miUihters respectively 
as compared to the normal of 50 miihters. However, when one con- 
siders that most of the patients with lobar pneumoma take on an 
appreaable amount of water, it will be seen than m most instances the 
plasma volumes must have been increased shghtly 
The latter pomt is brought out fairly well m table 2 in which the 
results dunng fever and convalescence m the same patient are shown 
Patient 29 showed 56 and 51 miUihters per kilogram m two determma- 
tions before the crisis and 49 millihters per kilogram after the crisis 
However, there actuaUy was a decrease of about twenty per cent m the 
plasma volume smce the febrile volumes were 894 and 816 millihters 
and the afebnle volume 670 nullifiters The loss of weight from 16 to 
13 6 kilograms masks the extent of the change when the plasma vol- 
ume IS related to the weight Case 30 shows httle actual change m the 
plasma volume but due to the loss of weight, the plasma volume 
mcreased from 67 5 and 72 millihters dunng the fever to 79 millihters 
per kilogram dunng convalescence This case is unusual m that the 
plasma and ceU volumes are so high under normal conditions No 
explanation for this could be found In case 31, the change in weight 
from 21^ to 17 7 kilograms masks the loss of plasma volume from 
884 to 820 mffhhters, as the plasma volume per kilogram of body 
weight was 41 6 milHiters dunng fever and 46 miUihters dunng 
convalescence Case 32 shows a decrease from 880 to 685 millihters 
m plasma volume (68 to 56 nulhhters per kilogram), and case 33, a 
decrease from 1 ,607 to 1 ,320 milliliters (69 to 59 mffhhters per kilogram) 
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Essentially no change is found in case 35 Thus it is seen that there 
IS usually a moderate mcrease m plasma volume m children with 
primary pneumoma, but m most cases the imperceptible retention of 
ivater is suffiaent to mask the increase in plasma volume when the 
volume dunng fever is compared to the weight dunng fever In four 
of the SIX cases studied before and after the cnsis, there i\ as an appre- 
aable fall m the absolute plasma volume, after recovery, from the 
high level found dunng fever A higher plasma volume dunng fever 
was found also m the only case of typhoid fever studied after recoverj 
The chlonde concentration of the plasma is a valuable gmde to the 
extent of the physico-chemical changes which have taken place m the 
pneumomc patients studied Most of the patients with fever and 
pneumoma had low plasma chlonde concentrations This would 
indicate that the physico chemical changes descnbed m adult lobar 
pneumoma (14) have taken place m these patients No relation be- 
tween the plasma chlonde concentration and the plasma volume could 
be found It should be noted that the plasma chlonde concentration 
is qmte low in the typhoid patient, case 2, and m cases 5, 6 and 8 of 
pyelitis There probably is a tendency to low plasma chlonde con- 
centration m other fevers beside pneumoma, though sufficient data 
are not at hand to prove this point 

Chart 1 shows the relation of the plasma and cell chlonde concen 
trations Part 1 represents the results on the normal chddren reported 
in the first paper (15) and Part 2 the results on the febrile patients of 
this paper It will be noticed that the cell chlonde concentrations m 
the normal and febrile patients are distnbuted over the same range of 
values m both groups — 200 to 450 milligrams per 100 milhhters 
However, m the febrile groups, the low plasma chlonde concentrations 
tend to be accomparaed by low cell chlonde concentrations so that 
there is a tendency of the group to fall along a straight Ime when 
represented as m chart 1 There are a number of exceptions so that 
many cases fall off the hne Evidently though other factors affect the 
relation of the cell and plasma chlondes, in febnle patients the con- 
centrations of both the cell and plasma chlondes tend to be low 
A satisfactory explanation of the low plasma chlonde values found 
m lobar pneumonia has never been given Refemng to table 2, it 
will be noticed that the increase in plasma volume is of such a magm- 
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tude that the additional water could account for the lowering of the 
concentration of chlondes if we assume no increase in the total chlo- 
ndes of the body has taken place Actually there is chlonde retention 
during the febrile stage of pneumoma and release of chlondes after 
the cnsis Apparently the retention of water m the tissues is great 
enough to account for not only the retention of chlondes m the body 
as a whole, but also leads to depletion of the blood chlondes The 
lowermg of blood chlondes is proably augmented by the mcrease m 
plasma volume In case 29, complete data are given and One can 
calculate the total chlondes of the blood and plasma Dunng the 
fever there were 6 and 5 4 grams of sodium chlonde m the blood and 



Chart 1 The Relation of the Plasma Chlorides to Cell Chlorides 
IN Normal Children and in Children with Fever 


4 5 and 4 2 grams of sodium chlonde m the plasma, while durmg 
convalescence there were 4 8 grams of chlonde m the blood and 4 2 
grams of chlonde m the plasma Thus the blood dilution is great 
enough to account for a greater lowermg of the chlondes than was 
actually found Furthermore, the loss of weight after the cnsis m 
cases 2Q, 30 and 31 is of such a magmtude that assuming the loss of 
weight to mdicate water retamed durmg fever, one can thereby 
account for not only the low concentration of plasma chlondes, but 
also the fact that an increased concentration of chlondes has not 
been found elsewhere m the body Cases 32, 33 and 34 did not show 
the usual loss of weight after the cnsis but they also did not show the 
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usual lowenng of the plasma chlonde concentrabon However, cases 
32 and 33 showed the usual drop m plasma volume after the crisis 
These facts seem to mdicate that the low concentration of plasma 
chlondes may depend chiefly on the retention of water dunng fever, 
and that the plasma volume change is not directly connected with the 
storage of water 

DISCUSSION 

Three factors would seem to be at work m febrile states that irnght 
affect the plasma volume (1) The higher metabohc rate would tend 
to increase the plasma volume, if the arculabon rate remains constant 
A higher metabohc rate would tend to make the venous carbon di- 
oxide content show a greater elevabon over that of the artenal blood 
than normal As pomted out m the first paper of this senes, the m- 
creased carbon dioxide content of the venous blood over that of the 
artenal blood, causes a greater mcrease m the osmobc pressure of the 
venous blood over that of the artenal blood than normal This 
augments the tendency of venous blood to draw water from the 
tissues and should increase the plasma volume (2) An increased 
rate of blood flow would tend to dimmish the plasma volume It is 
not certain whether there is an increased rate of blood flow m fever 
However, in pneumoma and probably m other fevers also, the artenal 
and venous oxygen saturation becomes more nearly idenbcal and as 
was pointed out earher m this paper, this fact can be explamed best 
by a rapid blood arculabon In the first paper of this senes, the idea 
was developed that a rapid circulation would bnng the artenal and 
venous carbon dioxide contents nearer to each other and thereby 
reduce the difference m osmotic pressure between artenal and venous 
serum If the metabohc rate remains constant, this should reduce 
the amount of arculabng fluid (3) The carbon dioxide absorpbon 
curve would be at a lower level due to the higher temperature of the 
body (Stadie and hlarbn (16)) and hence the blood would be less 
efliaent as a carbon dioxide and water earner From a study of the 
carbon dioxide absorpbon curves m other cases together wath the 
blood volumes, min or vanabons m the carbon dioxide absorpbon curve 
seem to exert httle or no influence on the plasma volume However, 
with greater vanabons from the normal, changes take place m the 
plasma volume which may be explamed by the changes m the dis- 
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sociation curve The level of the curve produces the changes in the 
plasma volume by altermg the differences between venous and artenal 
carbon dioxide content If the level of the curve is lower, respirations 
tend to become more rapid so as to mamtam the aUcalmity of the 
blood by blowmg off carbon dioxide Unless the circulation rate is 
changed, the difference between venous and artenal carbon dioxide 
content may remain the same With great lowermg of the curve, 
however, the arculation evidently becomes more rapid, and the 
venous blood approaches the artenal blood m oxygen and carbon 
dioxide content as is attested by the reddish appearance of the skm 
Under these circumstances, the blood becomes concentrated This 
has been observed in diabetic acidosis where the hemoglobm concen- 
tration IS often very great Fever alone produces only a shght vana- 
tion in the carbon dioxide absorption curve and due to this fact, has 
practically no effect bn the blood volume Nevertheless, certam 
children and babies react to fever with a severe aadosis due to other 
factors such as diarrhea, disturbed sugar metabohsm leadmg to acetone 
body formation, etc , and some of these patients would probably show 
blood concentration 

In ordmary fever such as studied in this senes of cases, the first two 
factors seem to be the only ones affectmg the plasma volume In a 
majonty of the cases the mcreased metabohc rate has mcreased the 
plasma volume shghtly, but this effect is probably dimimshed m most 
of the cases by a more rapid circulation and in some mstances a rapid 
circulation may have even dmnmshed the plasma volume 

It should be remarked here that the changes found m this study 
are all relatively small and, though defimte, are withm the varying 
degrees of normahty m all but a few instances The changes are not 
of such a nature as to suggest any therapeutic measures and are 
presented largely for their theoretic mterest 

SUMMARY 

Blood volumes and blood chlondes are reported on febrile children 
three with typhoid fever, seven with pyehtis, twenty with primary 
pneumoma and one each with thoraac empyema, influenza, tuber- 
culous memngitis and encephahtis In all forty-four, mdividual 
observations are reported 
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In fever, there is a sLght to moderate increase m the plasma 
volume which is usually accompamed by a proportional mcrease in 
the water held diffusely throughout the body Although the lungs 
are one of the chief organs of water excretion, the inflammation m 
primary pneumonia of children does not seem to bnng about any 
changes in the water metabohsm which are different from those seen 
m other fevers 

The data concermng the plasma chlondes m febrile conditions 
other than pneumoma, though mcomplete, suggest that there is a 
tendency to a low concentration of the plasma chlondes m fever m 
general In fever, a lowenng of the concentration of the cell chlondes 
tends to occur when there is a lowenng of the concentration of the 
plasma chlondes 

The retention of water m the plasma and throughout the body dur- 
ing pneumoma is great enough to explam the low chlonde concentra- 
tion of the plasma and the lack of an mcreased chlonde concentration 
elsewhere m the body and the storage of chlondes dunng fever 
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Knowledge concerning blood volumes has been limited until recent 
years by the lack of any rehable method that could be apphed to hvmg 
patients Information about the blood volume is desirable both for 
the study of anemia and of disturbances m the water metabdhsm 
The work reported m this and the three subsequent papers was under- 
taken from the latter viewpomt 

There are two rehable methods of deter min mg blood volumes which 
may be apphed to patients They are (o) the carbon monoxide 
method, first adapted to man by Haldane and Smith (1) and {b) the dye 
method of Keith, Rowntree and Geraghty (2) The former method 
gives results that are probably a little lower than the actual blood 
volume whereas the latter gives results a httle higher than the actual 
blood volumes The high results by the dye method have been shown 
by Smith (3) to be due to transfusion of part of the dj e mto the lymph 
However, the amount of dye disappearmg in the lymph is small and 
fairly constant and the method is accurate for comparatiie results. 

Our knowledge of blood volumes has been recently reviewed by 
Erlanger (4) In the present paper, only such results as seem to con- 
cern this work will be mentioned The findmgs of the various workers 
seem fairly concordant and mdicate that adults tend to have about 
SO milliliters of plasma and 83 mflhhters of blood per kilogram of body 
weight, as deteimmed by the dye method (Kath, Rowntree and 
Geraghty (2) Bock (S), Brown and Rowntree (6)) Bock has empha- 
sized the fact that the plasma volume is more constant than the blood 
volume and has found it to be about 50 milliliters per kilogram of body 
waght in conditions showing such widely varying volumes of red 
cells as permdous anemia and piolj cy themia However, a ininimiim 
volume of red cells is necessary to mamtam the plasma volume- 
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Robertson and Bock (7) found m soldiers who bad lost large amounts of 
blood that the plasma volume returns qmckly to normal unless the 
volume of the red cells has reached a certam low TnimmiTm If the 
loss of the red cells is below this minimum, the plasma volume cannot 
be mamtamed until the red cell volume has been restored Obese 
adults have low plasma volumes per kilogram of body weight (Brown 
and Keith (8)) but the plasma volume per square meter of surface 
area of obese adults was found to be essentially the same as for normal 
adults A formula relatmg the blood volume to the surface area 
times a constant was worked out by Dreyer and Ray (9), the constant 
bemg different for different speaes of animals These workers felt 
that smce fat is a relatively avascular tissue, surface area would be a 
better measure of blood volume than weight 
Reports of actual blood volume determmations m infants are con- 
fined to three papers None have been reported on older children 
Lucas and Dearmg (10) deterrmned blood volumes by the dye method 
on infants durmg the first year of life Their results expressed m 
miMiters per kilogram of body weight are blood volume m newly 
bom infants 107 to 195, average 147, plasma volume m newly bom 
mfants, 42 to 77, average 59, blood voluine in older infants, 90 to 126, 
average 110, plasma volume, 57 to 78, average 67 In the first weeks 
of hfe, a wider variation m the plasma volume was foimd than later, 
and the whole blood volume was higher However, the high whole 
blood volume m the newly bom is entirely accounted for by the high 
volume of the red cells The plasma volume is actually lower m the 
newly bom than m infants over six weeks old Bakwin and Rivkm 
(11) obtamed similar results They found the average for the blood 
volume to be 101 millili ters per kilogram of body weight and for the 
plasma 69 milliliters In nmeteen cases, the average blood volume 
was 1700 miUihters per square meter of surface area Mamott and 
Perkms (12) found 91 cc of whole blood per kilogram of body weight 
m seven normal babies, under one year of age, and 80 cc per kilogram 
of body weight m babies with severe undemutrition AH the papers 
agree m findmg shghtly higher blood volumes per kilogram of body 
weight in babies than has been found m adults 

The blood volumes here reported were estimated by the method of 
Keith, Rowntree and Geraghty (2) The cell volumes were deter- 
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mined by hematocrit tubes made from small burettes which were 
5 millimeters m diameter and cahbrated Oxalated venous blood 
kept under mmeral od was used to minimize the errors due to loss of 
carbon dioxide Serum or plasma protem concentration was esti- 
mated m some of the later detemunations by the Abbe refractometer 
(13) The surface area was computed by the formula of Lissauer (14) 
for the mfants under one year of age In the other patients, the sur- 
face area was obtamed from the table of Benedict and Talbot (IS) 
based on this formula. 

The data of the present study were obtamed from essentially 
normal mfants and chddren The older children were suffermg from 
fractures, or had recovered from some mmor illness The babies had 
recovered from upper respiratory infections or were m the hospital 
for some mmor complamt Most of the mfants were shghtly under- 
nourished and fed on modified cows’ milk The results reported here 
and to be reported m the subsequent papers mdicate that moderate 
underautntion makes no difference m the plasma volume per kilogram 
of body weight The data found on these patients are given in detail 
m tables 1 and 2, but the general trend and significance may be appre 
aated best by exammmg the two charts 

Qiart 1 represents the blood and plasma volumes m milhhtets per 
kilogram of body weight as related to age As there were not enough 
detemunations to pemut conclusions concermng the blood and plasma 
volumes durmg the first six weeks of life, the lower relative plasma 
volume at this age is represented m accordance with previous work 
(Lucas and Dearmg (10) and Bakwm and Rivkm (11)) The plasma 
volume per kilogram of body weight as related to age descnbes a 
curve as mdicated on chart 1 This curve starts at about 50 milli - 
hters per kilogram of body weight and rises rather rapidly to 62 ijiUi- 
hters by the sixth month of life, remains high well mto the second year, 
and then gradually returns to 50 millili ters by the beginnmg of the 
fourth year Thereafter the plasma volume per kilogram of body 
Height agrees well with the adult figure, ated above The whole 
blood volume tends to descnbe a similarly shaped curve, but, due to 
variations m the volumes of the red cells, the whole blood volume can- 
not be predicted very accurately In general the blood volume per 
kilogram is 25 to 35 rmUditers more than the plasma volume for the 
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respective age An exception to this statement is not shown m chart 
1, but IS brought out best m the paper of Lucas and Bearing (lO) 
Dunng the first 3 to 4 weeks of hfe, the proportion of the blood repre- 
sented by the red cells is 45 to 70 per cent, while during the rest of the 
first year of hfe, it is only 30 per cent The high proportion of red 
cells makes the total blood volume correspondmgly high It will be 
noticed also that the plasma volume per kilogram of body waght 
vanes more widely dunng the first year of hfe, than later This 
vanabihty cannot be explamed from our present knowledge of infant 
physiology This physiological constant must, therefore, be classified 
with the other physiological constants that mamfest greater vana- 
bihty m mfants than m adults 


TABLE 1 


Cue Donber 

Protein 

Cue smnber 

ProtHa 

Percent 

Onsuper 

kUocrtm 

Per cent 

Gfunsper 

klloztnm 

s 

6 62 

3 74 

19 

8 65 

4 54 

7 

7 

4 86 

20 

6 98 

4 08 

16 

7 26 

4 SO 

21 

8 05 

3 80 

17 

7 42 

4 40 

25 

7 78 

4 40 

18 

7 63 

4 20 

26 

9 60 

5 25 


The red cell volume per kilogram of bodj waght after the first six 
weeks of hfe, is about 25 to 35 miUihters This is somewhat lower than 
m adults, and is m keeping with the lower hemoglobm and red cell 
count 

The total serum protem per kilogram of body waght is given on a 
few cases m table 2 The average for the second year is 4 2 grams per 
kilogram of body weight, whereas Bakwm and Rivkm (11) found 
3 6 grams for the first year From our knowledge that the serum pro- 
tem concentration remains about the same after the first year of life, 
one may assume that the average for the rest of hfe will be about 4 
grams per kflogram of body weight This figure, though probably not 
very exact, wdl be useful for comparison with the findmgs obtamed 
from patients suffermg from vanous diseases 
The blood and plasma wlume per square meter of body surface as 
related to age is shown m chart 2 It is realized that the methods for 
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computing the surface area are not yet suffiaently accurate to give a 
very exact estimate of the surface area m a given child However, the 
figures are suffiaently accurate to show the general relation of the 
blood and plasma volume to the surface area As will be noticed, the 
plasma volume per square meter of body surface as related to age 
rises rapidly dunng the first year from 750 millditers to 1110 milli- 
hters and then remains constant dunng the second year, perhaps 
decreasmg a httle Thereafter, there is a steady rise to about 1375 
miUihters, by the twelfth year of life That this nse contmues till 
adult hfe is mdicated by the fact that the adult average of the plasma 
volume per square meter of surface area is 2000 milliliters (Brown and 
Keith (8)) 

The vanability of the red cell volume makes the curve of the blood 
volume per square meter of surface area more irregular In general 
the whole blood volume describes a curve similar m shape to the one 
desorbed by the plasma volume 

The question as to whether weight or surface area is better correlated 
with the plasma volume has not been settled and the data m this 
paper only bnng out new facts Table 3 shows the standard devia- 
tion‘ from the average and the percentage standard deviation from 
the average of the plasma volume as related to both weight and surface 
area The plasma volume per kilogram of body weight was not used 
m the sue youngest babies in making this table because the data for 
this age are not suffiaently numerous No figures are given for the 
first year for the standard deviation of the plasma volume per square 
meter of surface area because at this age the average plasma volume 
per square meter is changing too rapidly to allow such a computation 
from the data of this paper 

* Standard deviation is calculated according to the well known formulae 



S — ftandard deviation 
X — mean measurement 
II — given measurement 
N — number of measurements 
Z Sum of the different quantities (i — i)’ 

Percentage standard deviation — 
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The average of the percentage standard deviations for each age is the 
same (5 4) whether plasma volume is compared with weight or surface 
area However, smce weight is more variable than surface area, the 
same degree of correlation would mdicate a closer relationship between 
weight and plasma volume, than surface area and plasma volume 
However, there are not enough cases m this senes to draw conclusions 
from small differences The mam fact brought out is that surface area 
cannot be correlated with the plasma volume unless the age of the 
mdmdual is also taken mto account, but weight may be correlated 
with the plasma volume after the third year, since the plasma volume 
IS constant at 50 milliliters per kilogram of body weight, after this 
age (see charts 1 and 2) 


TABLE 3 


Age 


1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Standard deviation per kilo- 
gram o£ weight 

4 8 

3 7 

3 1 

3 1 

0 

2 1 

! 

3 7l 

2 7' 

3 9 

4 O' 

1 0 

Percentage standard deviation 
per kilogram of weight 

7 7 

7 5 

1 

5 7 


0 

4 1 

7 4 

5 4 

7 8 


2 0 

Standard deviation per square 
meter of surface 


89 

65 

H 

0 

127 

126 

61 

72 


21 

Percentage standard deviation 
per square meter of surface 


7 3 

59 


1 

0 

m 


4 9 

5 7 

m 

1 5 


DISCUSSION 

The shape of the curve of the plasma volume per kilogram of body 
weight as related to age suggests a relationship between the plasma 
volume and the metabohc rate It will be noted that the shape of 
this curve is similar to that of the basal metabohc rate per square 
meter of surface area as related to age (Benedict and Talbot (16)) 
There is both a nse m the metabohc rate and m the plasma volume 
durmg the first year of life and both remam high durmg the second 
year The basal metabohc rate drops rather rapidly tiU the beginning 
of the fourth year and contmues to decrease slowly durmg the rest of 
childhood The plasma volume per kilogram of body weight de- 
creases rapidly till the fourth year but then seems to be qmte constant 
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However, the figures for adults tend to be shghtly lower than those for 
children reported m this paper (see previous references) and the com- 
paratively small number of cases reported here may not have been 
suffiaent to mdicate a shght tendency to a decrease m the plasma 
volume after the third year Thompson (17) found m mne patients 
with myxedema that treatment with thyroid extract caused an in- 
crease m the total plasma volume as follows average mcrease m the 
total plasma volume 22 per cent, average mcrease m the plasma 
volume per kilogram of body weight 28 per cent, average mcrease in 
plasma volume per square meter of body surface 22 per cent Fur- 
thermore, the plasma volume while the patients were suffenng from 
myxedema, in general, was low These facts seem to mdicate that the 
higher the metabohc rate, the larger the amount of water m the blood 
stream, and the lower the metabohc rate, the smaller the amount of 
water m the blood stream 

The fact that the metabohc rate is so closely related to the surface 
area and that the surface area has a relation to the plasma volume 
which vanes with the age of the child demands some explanation 
The work of Brown and Keith (8) on obese patients would lead one to 
expect a close correlation between plasma volume and surface area 
These facts may be reconciled by assummg that the plasma volume is 
related pnmanly to the mass of the body tissues and that there is only 
a secondary relation between the plasma volume and the metabolic 
rate Thus weight becomes the better measure of the plasma vol- 
ume when Individuals of widely different sizes are chosen, but with 
individuals of about the same weight, the surface area may be a better 
measure of the plasma volume than weight 

The red cells play an important part m the regulation of the blood 
volume In normal mdividuals, the volume of the red cells is large 
enough to mamtam the plasma volume However, a minim um vol- 
ume of red cells is necessarv to carry and hold water m the blood 
stream (Robertson and Bock (7) Keith (18)) The dependence of 
the body on red cells to transport water is suggested by the appearance 
of edema m severe cases of anerma Based on the mcreased depression 
of the freezang pomt which accompames an mcrease m the tension of 
the carbon dioxide to which blood is exposed, Buckman and Harrow 
(19) have advanced the hypothesis that amongst the other vaned 
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functions of the red cells must be added that of bemg the chief earner 
of water 

The mechanism of mamtammg and carrymg the blood and plasma 
water may be explamed in part as follows Given an adequate volume 
of red cells circulating through the body, the following events tend to 
take place When the oxygenated blood reaches the systematic 
capillanes, a certain amount of flmd is filtered out of the blood stream 
by hydrostatic pressure, the red cells lose oxygen and take up Carbon 
dioxide, as a result of the mcreased tension of carbon dioxide This 
causes an increase m the osmotic pressure of the plasma and pre- 
sumably of the red cells which become swollen with water taken from 
the plasma The mcreased osmotic pressure of the plasma enables it 
to take up water from the tissues to replace the loss of water to the 
red cells In the lung capillaries aU the factors favor an accumulation 
of water m the pulmonary tissues In addition to the hydrostatic 
filtration process, the loss of carbon dioxide decreases the osmotic 
pressure of the plasma and thus favors the transfusion of water mto 
the alveolar tissues This probably accounts for the fact that the 
lungs contam a higher proportion of water than any other body tissue 
The extent of the tendency of the circulatmg blood to take up water 
from the systeimc tissues wall depend ultimately on the amount of 
carbon dioxide earned by the blood Although, m the plasma alone, 
bicarbonate is formed on exposure to carbon dioxide, and this reaction 
IS accompamed by an mcrease m the osmotic pressure and is a rever- 
sible reaction, it is the presence of hemoglobm m the red cells, which 
so greatly enhances the effiaency of this reaction The hemoglobm 
under the influence of carbon dioxide loses oxygen and becomes more 
aUcahne, and conversely, the presence of oxygen frees carbon dioxide 
through the formation of oxyhemoglobm which is more aad than 
reduced hemoglobm This property of hemoglobm explains the effi- 
aency of blood not only as a carbon dioxide but also as a water earner 
Thus the amount of water taken up by the blood from the tissues should 
be related to (1) the amount of carbon dioxide produced or the basal 
metabohe rate and (2) the effiaency of the blood as a carbon dioxide 
and water earner which under ordmary orcumstances is dependent on 
the cuculatmg mass of red cells 

Based on the above desenbed mechamsm of water transport, one 
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may conceive of six classes of disturbances which may affect the blood 
volume and water distnbution They are as follows (1) disturb- 
ances m carbon dioxide production as m diseases of the thyroid gland, 
fever, etc , (2) disturbances of the transporting mechanism of the 
blood such as occurs m anemia and changes m the aad base equihb- 
num leadmg to too high or too low mitial bicarbonate levels, (3) 
disturbances m carbon dioxide and water excretion m the lungs, as in 
emphysema, pulmonary edema, heart disease, pneumonia, etc , (4) 
disturbances m the excretion of water by the sweat glands, gastro- 
mtestmal canal and kidneys as m heat stroke, diarrhea and perhaps 
some forms of nephritis, (5) disturbances m the water absorption as m 
vomitmg, and perhaps some forms of diarrhea, (6) disturbances m the 
rate of blood flow 

The manner in which all the above tjqies of disturbances may affect 
water balance is fairly obvious, and only the third and sixth need an> 
elaboration Smce venous blood undergoes an mcrease m osmotic 
pressure over that of artenal blood which is directly proportional to 
the mcrease m bicarbonate content, it is apparent that the tendency 
of the venous blood to take up water from the tissues depends on the 
mcrease m the bicarbonate content of the venous blood over that of 
the artenal blood, what one imght call the potential difference between 
artenal and venous blood In some unpublished experiments by 
Buckman and Darrow it was found that an mcrease m bicarbonate of 
the plasma of one volume per cent is accompamed by a lowermg of the 
freezmg point of about 0 001 degree centigrade This corresponds to 
an mcrease in osmotic pressure of 9 I millimeters of mercurj , and when 
one takes mto account the usual difference m bicarbonate content of 
venous and artenal blood, one would expect an mcrease m osmotic 
pressure of venous blood over that of artenal blood of thesameorderof 
magnitude as the fall m hydrostatic pressure from artenal to capillary 
blood It IS obvious that, with the same rate of carbon dioxide 
production, the difference m bicarbonate content between artenal 
and venous blood will become less the more rapid the rate of blood 
flow If the mcrease m bicarbonate or osmotic pressure becomes 
small enough, an equihbnum between the osmobc pressure of the 
tissue and plasma cannot take place in the short penod of tune that 
it takes the blood to pass through the tissues Smce hydrostatic 
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pressures remam about the same, water tends to accumulate m the 
tissues at the expense of the plasma under such conditions Appar- 
ently this is what happens with a too rapid rate of blood flow Simi- 
larly with a slow circulation, the mcrease m osmotic pressure may be 
great enough to mcrease the rate of water diffusion back mto the 
plasma Thus, when the water carrymg mechanism of the blood is 
compensated, apparently a slow rate of blood flow leads to mcreased 
plasma water content, and dummshed tissue water content, whereas 
a rapid rate of blood flow leads to a diminished plasma water content 
and an mcreased tissue water content However, due to the shape of 
the carbon dioxide curve, which shows di minishin g increments m 
bicarbonate with mcreasmg carbon dioxide pressure, the carbon diox- 
ide carrying and water carrymg mechamsm would tend to break down 
with too slow a rate of blood flow, and, m such cases, one would expect 
an accumulation of water m both the tissues and plasma Data 
supportmg these views wfll be given m subsequent papers m cases of 
pneumoma and heart disease 

When carbon dioxide excretion is mterfered with m the lungs, as m 
cases of pulmonary edema, the first obvious change m the blood is an 
mcrease m arterial bicarbonate and decrease m artenal oxygen This 
lessens the difference m bicarbonate content of venous and artenal 
blood by makmg the blood work at a higher carbon dioxide pressure, 
and as noted above, this dunmishes the effiaency of the carbon dioxide 
and water carrymg mechamsm of the blocfti Thus pulmonary edema 
leads to diminished plasma water content, and mcreased tissue water 
content Evidence of these changes is given m post-influenxal pneu- 
moma and poisomng by war gases by Underbill and Rmger (20) 
and Underhill (21) In emphysema, the mcreased red cell concentra- 
tion leads to greater efliaency of the carbon dioxide and water carrymg 
mechamsm of the blood Only experimental observations can tell 
whether this is suffiaent to overcome the tendency to dummshed 
plasma volume one would otherwise expect 

The above mechamsm can only be considered a partial explanation 
of the transportation and distnbution of water Increased pressure 
of carbon dioxide m the tissues mcreases the osmotic pressure of the 
tissues by a process similar to that observed m the blood, and thus 
alters the water distribution Other means of varymg the salt bmdmg 
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power of proteins must occur, but little is known of such processes 
Furthermore, our present knowledge does not permit a discussion of 
the r61e played by differential excretion of electrolytes and other 
crystalloids bv the kidneys, mtestmes and sweat glands Also any 
disturbance m the distribution of colloids should produce a disturbance 
m the water balance No explanation of water metabolism can be 
complete, without considermg these factors in addition to the mecha- 
nism postulated in this paper 

SUMMARY 

Blood volumes determined by the dye method are reported on 
normal infants and children up to twelve years of age A curve of the 
plasma volume per kilogram of body weight as related to age shows a 
nse m the plasma volume from 50 to 62 milhlitere durmg the first year 
of life, and a return to 50 millihters, by the fourth year Thereafter, 
the plasma volume remains constant at 50 miUihters per kilogram of 
body weight 

A curve of the plasma volume per square meter of surface area ns 
related to age shows a rapid nse from 750 to 1100 millili ters durmg the 
first year of hfe, and thereafter there is a gradual mcrease to 1375 
millihters by the twelfth year 

The proportion of the blood represented by the red cells is about 
30 per cent, except durmg the first six weeks of hfe, when it is 45 to 
70 per cent The whole blood volume cannot be predicted \ ery accu 
rately either from the weight or the surface area because of the vana- 
bflity of the cell volume 

The following hypotheses are advanced (1) The amount of plasma 
IS pnmanly dependent on the mass of the body tissues (2) Withm 
certam lumts set by the mass of the tissues, the amount of water m 
the blood stream vanes directlj with the metabohc rate 

The mechamsm by which the plasma volume is maintained and 
vaned is given a partial explanation 
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A COMPARATIVE STUDY OF THE EFFECTS OF VARIOUS 
TREATMENTS ON THE CALCIUIM AND PHOSPHORUS 
METABOLISM m TETANY 

I Chronic Juvenile Tetanv 
By SHEB HAO LID 

(From the Department oj Uedictne Pehng Union Medical CeUege Peking Chined 
(ReceI\Td for publicntlon No\Tmber 1 1927) 

The problem of tetany has been of considerable mterest to both 
chniaans and experimental workers The vanety of chnical condi- 
tions with which tetany is assoaated, and the divergent chemical 
findmgs in the blood which various types of tetany manifest, indicate 
that this condition is merely a climcal syndrome varying widely in 
etiology as well as in mechanism of production m the different types, 
although the final symptomatology may be identical The importance 
of calaum m the pathogenesis of tetany has long been recognized (1) 
In infantile tetany (2), commonly occurring in children with rickets, 
there is a disturbance m the calaum metabolism with lowering of 
blood calaum When a cure of tetany results, as from cod hver od 
or ultraviolet radiation, the blood calaum uses Similar disturbance 
m calaum metabolism takes place m tetany parathyreopnva (3), 
either experimental or following acadental removal of the parathy- 
roid glands dunng thyroid operations In gastnc (4), bicarbonate (5), 
or hyperpneic tetany (6), however, the blood calaum remains normal, 
while the bicarbonate of the blood is increased with a tendency toward 
an alkahne reaction Freudenberg and Gybrgy (7) m attemptmg to 
harmonize these discordant observations, state that the essential ele- 
ment m tetany is the concentration of ionized calaum m the blood 
Rona and Takahashi (8) showed that the calaum ion concentration 
m the blood depends not only on the actual concentration of the total 
calaum, but also on the bicarbonate and hjdrogen ion concentrations 
accordmg to the foUowmg equation 

(C«++) (HCO — ) „ 
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Theoretically, an increase of bicarbonate ion concentrat 
toward an alkaline reaction as occur in gastnc, bn 
hyperpneic tetany, tend to dimmish the calaum ions m 
thereby cause the symptoms of tetany 
As there is at present no available method of directly 
calaum ion concentration m the blood, many attemi 
made to separate serum calaum mto diffusible and 
portions, thus mdirectly, perhaps incompletely, gainn 
the state of calaum m the blood Different methods 
the purpose have 3 aelded different results as discussed in 
on the subject (9) The overwhelmmg evidence seems 
of the view that it is the diffusible rather than the non 
aum that is physiologically important m the control of n 
imtabihty and that it is the diffusible fraction that i 
tetany, although Crmckshank (10), and Cameron and ^ 
conclude that m tetany parathyreopnva the reductior 
mainly m the non-diffusible fraction Von Meysenbuj 
(12), and Montz (13) found that both the diffusible and 
calaum were reduced m the same ratio 
Recent experiments m the treatment of tetany hai 
largely m the effort to throw hght on the mechamsm of ; 
but the effects of various treatments have not been i 
quantitatively compared MacCallum and Voegthn ( 
immediate relief of symptoms from parathyroid tetany ( 
about by mtravenous mjections of soluble calaum salt 
sized the prime importance of suffiaent calaum m the c 
mamtam a normal neuro-muscular imtability Aa 
produang substances, which are supposed to maease 
of calaum, have also been tried m the treatment of tet 
and Ross (14) admmistered hydrochlonc acid, calciun 
ammomum chlonde to children and showed that on thf 
tion the carbon-dioxide capacity of the blood is deer 
hydrogen ion concentration mcreased without necessanl 
total serum calaum level The therapeutic effects of th 
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Huldschmsky (15), Caspans and Kramer (16), and Hoag and his 
collaborators (17) have shown that ultraviolet radiation has remark- 
able effect m the treatment of infantile tetany and m raismg the 
serum calaum, due probably to an mcreased absorption of calaum 
through the mtestmal tract Brown, MacLachlan and Simpson (18) 
treated seven cases of infantile tetany with equally good results 
Lm (19), m studymg the influence of cod hver oil on the calaum and 
phosphorus metabohsm m tetany, foimd that cod hver oil, si m ilar to 
ultraviolet radiation, mcreases the calaum retention and raises the 
blood calaum, thereby curmg tetany 
With the advent of CoUip ’s discovery (20) of a parathyroid extract 
active m raismg the blood calaum of both normal and parathy- 
roidectomized dogs, this treatment has been apphed to human sub- 
jects Accordmg to Greenwald and Gross (21) the injection of this 
extract mcreases the excretion of calaum both m the urme and feces 
m dogs The co-existence of hypercalcemia and mcreased calaum 
output is taken to mdicate that the parathyroid hormone mobilizes 
calaum from the tissues, chiefly the bones In normal calves (22), 
the administration of parathyroid extract is followed by mcreased 
calaum and phosphorus excretion m the urme, but no consistent 
change m the feces In the expenments of Stewart and Peraval (23), 
It IS demonstrated m cats that the mam excretory route of calaum is 
the large mtestme and that foUowmg the parathyroid extract mjec- 
tions, while the serum calaum remains elevated, there is no change 
m the excretion of calaum Apparently there is considerable differ- 
ence m opmion as to the mode of action of the parathyroid extract, 
partly on account of the different speaes of ammals employed The 
mode of acbon of this extract m man has not been definitely established, 
although its benefiaal effects on parathyroid tetany (24) and infantile 
tetany (25) have been reported, and Hoag et al (26) have obtamed 
di mini shed calaum retention m one normal and three rachitic infants, 
and mcreased calaum retention m two cases of mfantile tetany durmg 
the penod of parathyroid extract admmistration 
The present commumcation has for its purpose the study and com- 
panson of the effects of the vanous treatments on the calaum and 
phosphorus metabolism in two cases of chrome juvenile tetany, 
embodymg the measurements of the mtoke and output of these ele- 
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ments m conjunction with their blood levels and the partition of serum 
calaum mto diffusible and non-diffusible portions 

EXPERIMENTAL SUBJECTS 

The two subjects studied were girls, one aged 16, the other 17, 
each showmg on admission to the hospital marked carpopedal spasm, 
Chvostek’s sign. Trousseau’s sign, and mcreased electncal reaction 
typical of tetany They gave a history of repeated attacks of the same 
nature every wmter for the past three or four years, with complete 
remissions m the summer They came from an orphanage nearPekmg, 
containing about 400 boys and 330 girls varying from 5 to 22 years of 
age Investigation m January, 1927, revealed that 34 per cent of the 
girls and 22 per cent of the boys were affected with tetany of varymg 
mtensity from active symptoms and signs to only a positive facial 
phenomenon without complamts This exceedmgly high madence 
of tetany m the orphanage suggests the operation of some factor or 
factors that are related to the diet or conditions of hving of its inmates 
Hammond and Hsia (27) have carefully studied their hvmg conditions 
as well as their diet They state that they are hvmg a happy useful 
hfe, workmg hard and playmg actively Their diet, consistmg chiefly 
of miUet, wheat and com meals, is monotonous, there bemg no change 
except occasional substitution of vegetables m season Accordmg to 
their estimates, children of 16 take daily about 18 grams of fat, 57 
grams of protem and 380 grams of carbohydrate, with a total mtake 
of approximately 1900 calones Thus the protein intake is moderately 
low, the fat mtake very low, and the carbohydrate mtake correspond- 
mgly high By calcidatmg from the diet lists, the daily average 
calcium mtake is approximately 0 15 gram and phosphorus intake 0 5 
gram Shohl and Sato (28) suggest that the average calcium require- 
ment IS 0 0153 gram per kdo of body weight per day, or 0 6120 gram 
for a person of 40 kilos (one subject weighmg 41, the other ^6 kilos) 
Ehrstrom (29) considers that the minimum of phosphorus required is 
0 0261 gram per kilo per day, or 1 044 gram by a person of 40 kilos 
Accordmg to these cntena, the mtake of both calaum and phosphorus 
m the orphanage diet is very low However, as shown presently, as 
well as from the seasonal madence of tetany, calcium lack cannot be 
the sole cause of tetany m these cases 
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METHOD OF INVESTIGATION 

The two subjects were placed m the metabolism ward where carefully weighed 
diets with constant calcnim mtake, and complete collection of both urme and stools 
were ensured Unne was collected as 24-hour speomens, and stools were marked 
off with carmine to correspond to 4-day penods 0 5 gram of the dye bemg given 
by mouth at the same time of the day every four days Caldum and phosphorus 
m unne were determined daily, and those in stools every four days Throughout 
the experimental period they were on a diet with a constant daily mtake of calcium, 
which was only shghtly higher than the estimated value from their previous diets 
in the orphanage The calaum and phosphorus values of some of the foods were 
taken from Sherman (30), and others obtamed from analyses made in the labora 
tory of Dr Haien Wu of the Peking Union Medical College Four varieties of 
treatments v.ere given, namely, (a) hydrochlonc aad, 10 per cent, from 4 ct to 
12 cc. dally, (A) caldum chlonde, 20 per cent solution, 5 cc, twice a da> , correspond 
Ing to 2 grams of calcium chlonde, or 0 722 gram of calcium daily, (c) pure cod 
liver oil m 30 cc* daily doses, and (d) parathyroid extract (Collip) subcutaneously, 
25 to 100 units doily, usually given in two mjections Each kind of treatment was 
given for two or three penods of four days each with one or two control penods 
before and after the treatment Blood was aluays withdrawn before the noon 
meal from one of the atm vems, and estimated for calaum, phosphorus, chlonde 
and carbon-dioxide capaaty as well as for partition of serum calaum into diffusible 
and non-diffusible fractions 

Blood calaum was detennmed by the method of Tisdall ns modified by Clark 
and CoUlp (31), phosphorus by that of Benedict (32) The method of Myers 
and Short (33) was employed for blood chlonde and that of Van Slyke and Cullen 

(34) for carbon-dioxide capaqty The partition of serum calaum was studied 
with the method of Montz (13), modified by Updegraff, Greenberg and Clark 

(35) , and the diffused and non-diffuscd caldum were separately determined 
Bnggs’ method (36) was used for urmar> phosphorus and Shohl and Pedley's 
method for urinary calaum The stools of each 4-day penod were mixed, dried 
in an oven at about 110®C to a constant weight, and groimd Into a fine powder 
Exactly 2 grams of the dned stool were weighed m a platmum cruaTiIe and ashed 
to a whitish powder The ash was dissolved m 0 1 n hydrochlonc aad, and an 
aliquot portion taken for analysis of calaum and phosphorus The caldum was 
determined by Clark and Colbp's method (31) with the addition of 1 cc. of 20 per 
cent sodium acetate m the initial preapitabon, and phosphorus by Briggs’ 
method (36) 

REPORT OF CASES 

Case I Hospital No 15846 T C C , a Chmese girl of 16, was admitted to 
the Peking Union Medical College Hospital on January 19, 1927, for repeated 
attacks of numbness and spasm of hands and feet lasting about a month For 
three >’ear8 predously, she had had similar spastiaty of hands and feet during the 
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however, did not last, and the signs of tetany recurred three or four 
days after the discontinuation of the treatment 
For two penods calaum chlonde was then given m 2 grams daily 
doses correspondmg to a four-fold mcrease of the mtake of calaum 
The stnkmg result was a large retention of calaum, amountmg to 
2 11 grams or 57 8 per cent dunng the first penod and 1 67 gram or 
46 1 per cent dunng the second But the blood calaum was essen- 



Chart 1 Case I The Effect of Vaeious Treatments on the Calcium 
Balance, and the Total, Diffusible afid Non-Diffustble 
Serum Calcium 

tially unchanged There was no improvement whatsoever m the signs 
and s)anptoms 

The last treatment, namely, cod hver oil, seemed to be the most 
satisfactory Three consecutive penods were devoted to this treat- 
ment The rehef of tetany was as complete and prompt as dunng the 
parathjrroid extract penod, but more permanent Blood calaum was 
raised from 8 0 to 10 7 mgm , the mcrease occumng chiefly m the 
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diffusible portion Calaum was retained m increasingly greater 
amounts, and tbe retention of calaum seemed to be due to a reduction 
m its fecal excretion, as its elimmation m the unne was shghtly in- 
creased dunng the cod hver od periods The effect of cod hver oil 
remamed long after the treatment was stopped She was discharged 
well on April 18, 1927 

Case II Hospital No 12947 L H T , a Chmeae gui, aged 17, was admitted 
to the Peking Union Medical College Hospital on January 11, 1927, complai ni ng 
of tonic spasm of fingers, hands, toes and feet for about two weeks Two years 
before, during wmter months, she noticed numbness and stiffness of fingers, and 
with the onset of warmer months, she became symptom free A year ago, she 
entered the hospital for the same trouble with typical signs of tetany Her 
condition improved after ultraviolet radiation, serum calcium being raised from 
8 5 to 9 7 mgm She remamed well until shortly before the present admission 
when a recurrence of tetany took place with spastic attacks of hands and feet 
more severe than before 

She was well nourished but slightly undersmed Weight 41 kgm., height 142 
cm. Physical examination was essentially negative except for the presence of the 
classical signs of tetany She was not In an acute attack, but both Chvostek's 
sign and Trousseau’s sign were positive and the electneal reaction showed hyper 
imtablht> Serum calaum was 8 8 mgm. per 100 cc. with 3 3 mgm. diffusible 
and S 5 mgm non-dlffusfble, phosphorus 3 12 mgm , sodium chloride 584 mgm., 
and carbon ^iioxide capaaty 67.2 per cent. 

The patient was put on a diet sunilar to that of case I, and her first 
treatment was a senes of parathyroid extract injections, 60 imits daily 
for two penods Her blood calaum rose from 8 8 to 9 7 mgm , the 
rise bemg entirely in the diffusible fracbon (table 2, chart 2) The 
retenbon of calaum mcreased shghtly dunng the parathyroid extract 
penods With the elevabon of blood calaum to almost normal level, 
espeaally the diffusible calaum, as well as the increase m calaum 
retenbon, her symptoms were enbrely reheved, with disappearance of 
both Chvostek’s and Trousseau’s signs 

After a rest penod of four days, dunng which her symptoms returned, 
she was given hydrochlonc aad for two penods With the aad ad- 
mimstrabon, she expenenced no rehef whatsoever Her serum cal- 
aum dropped from 8 4 to 7 7 mgm. The calaum balance, posibve 
previously and dunng the first aad penod, became negabve dunng the 
second aad penod with an maeased excrebon of calaum both m the 
unne and feces 
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Calaum chlonde, 2 grams daily, was given alone for two penods, 
and then combmed with cod hver oil 30 cc. daily for another two 
penods During the first two penods when calaum chlonde alone was 
given, the treatment made no apparent difference to her symptoms and 
her blood calaum remamed stationary, although there was a large 
retention of calaum But dunng the second two penods when cod 
hver oil was added to calaum chlonde, her blood calaum rose from 
7 7 to 9 1 rngm with 5 0 mgm of diffusible calaum, comadmg with 



CnART 2 Case IL Tue Ettect op Vamous Treatuents on the Calciou 
Balance, and the Total, Dupusible and 
Non DtppusiBLE Seiuu Calcidu 

the disappearance of tetany There was, however, no further m- 
crease m the retention of calaum with the aid of cod hver od 
Dunng the next two penods when cod liver oU alone was contmucd, 
her blood calaum contmued to rise shghtly The stnkmg change 
was the tremendous increase m the retention of calaum, amountmg 
to 7S per cent of the calaum in the diet This effect contmued dunng 
the succeedmg penods when cod Iner oil was stopped 
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Toward the end of the expenmental period, when she was remaining 
free from symptoms, another course of parathyroid extract injections 
was given, 100 umts daily for two periods There was a shght m- 
crease in the blood calcium, namely, to 10 4 mgm with 58 mgm of 
diffusible calcium The calaum output was decreased shghtly re- 
sultmg m a better retention than the control periods The patient 
was discharged well on April 18, 1927 

DISCUSSION 

It has been shown (9) that m normal individuals the total serum 
calaum of about 10 mgm per 100 cc is divided equally between the 
diffusible and the non-diffusible fractions In Case I with a total 
calcium of 6 6 mgm , there was a proportionate deaease m both frac- 
tions, while m case Ef, in whom the total calaum was shghtly low 
(8 8 mgm ), the reduction was mainly m the diffusible portion (3 3 
mgm ), the non-diffusible portion remaining normal It is apparently 
the reduction of the diffusible calcium that is assoaated with the 
appearance of tetany, regardless of the level of the total calaum 
This IS further substantiated by the fact that m nephrosis and kala- 
azar (9) the low total calaum which m these conditions is due to a 
reduction of non-diffusible calaum alone, is not accompanied by 
neuro-muscular imtabihty When the blood calaum was raised with 
accompanymg dimcal improvement m these two cases as by cod hver 
oil or parathyroid extract, the nse was more marked m the diffusible 
than m the non-diffusible fraction, agam emphasizmg the prune im- 
portance of the diffusible calaum in mamtauung a normal neuro- 
muscular imtabihty 

From the metabohsm data presented, the comparative eflBcacy of 
the various treatments m tetany is obvious The admimstration of 
hydrochlonc aad in this form of tetany does not seem to be a rational 
therapeutic procedure In case I, there was a transient mcrease of 
blood calaum with shght rehef of symptoms, but a negative balance of 
calaum was obtamed with increased exaction of calcium both m the 
unne and feces With further use of the aad, the blood calaum went 
back to the ongmal level with reappearance of tetany, and the calaum 
loss was maeased Hydrochlonc aad seems to possess a depletmg 
influence on the calaum stores of the body Case H showed no con- 
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nstent response to the aad treatment. Although there was no actual 
calaum loss from the body, the blood calaum was shghtly decreased 
Thus the aad a dminis tration may or may not raise the blood calaum, 
and has a tendency to mcrease the excretion of calaum 
Merely mcreasmg the mtake of calaum did not raise the blood 
calaum nor reheve the symptoms in ather case Vanous authors 
attribute the failure to the lack of absorption from the mtestines, but 
this does not seem borne out by the data presented, as the retention 
of calaum dunng the periods of calaum chloride administration is 
both absolutely and relatively greater than the control periods, thus 
showing good absorption Apparently it is not absorption alone that 
controls the level of blood calaum, and there must be some other factor 
that keeps the absorbed calaum m the blood so as to be avaflable for 
the mamtenance of normal exatabihty of the nerves This active 
factor seems to reside m both cod hver oil and parathyroid extract 
The potent parathyroid extract, as these two cases exhibit, promptly 
increases the blood calaum to normal levels with complete rehef of 
symptoms There was no mcreased excretion of calaum either in the 
feces or unne, contrary to the findmgs of Greenwald and Gross (21) 
with experiments m dogs In fact there was a tendency to mcreased 
calaum retention m both cases, espeaally m case 11 This is m agree 
ment with the results of Hoag et al (26) m the treatment of two cases of 
infantile tetany The prompt and marked action on the blood cal- 
aum without extensively affectmg the calaum balance indicates that 
the main function of the parathyroid hormone seems to be the control 
of the distnbution of calaum between the blood and tissues rather 
than the regulation of the rate of excretion or absorption This sub- 
stantiates the work of Stewart and Peraval (23) 

Cod hver oil seems to be efficaaous both in raismg the blood calaum 
and in mcreasmg the calaum retention In both cases, the blood 
calaum was promptly and markedly mcreased with the admmistra- 
tion of cod liver oil The increase m the retention of calaum was also 
very pronounced, more so when the calaum mtake was restneted, as 
no further maease m calaum retention could be brought about with 
the aid of cod hver oil when calaum intake was already m excess, as 
m case H Thus besides controlhng the level of blood calaum, cod 
h\ er oil mcreases the positive calaum balance Exammation of the 
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output of calcium m unne and feces dunng the cod hver oil penods 
shows that the fecal output is greatly decreased, whde the unnary 
output remains stationary or shghtly mcreased, suggestmg that cod 
hver oil acts on the mtestmes, either mcreasmg the absorption or 
decreasmg the ehmmation, probably the former 

With regard to phosphorus metabohsm the results are less regular 
and less conclusive Hydrochlonc aad seems to mcrease the retention 
of phosphorus, and the decreased phosphorus output is probably the 
result of the mcreased chloride available for excretion Similarly, 
calaum chloride increases the phosphorus retention, though not so 
markedly as in the case of hydrochlonc aad Parathyroid extract 
gives no consistent results on the phosphorus balance, nor does cod 
hver oil 

The changes in the blood, other than those of calcium, are shght and 
mconstant 

We may add a word about the pathogenesis of the type of tetany 
which occurs m the orphanage concerned The chmcal features, the 
seasonal incidence and the favorable response to cod hver oil therapy 
as well as to ultra-violet radiation in case II dunng her first admission, 
justify Its classification as infantile tetany As stated m the beginmng, 
the calcium mtake m the orphanage diet is decidedly defiaent, and, 
as shown by the metabohc data dunng the prehrmnary penods, the 
calaum retention is also very low But the restricted mtake and poor 
retention cannot be the only factors responsible for the occurrence 
of tetany, as the ad min istration of large quantities of calaum fails to 
reheve the symptoms or raise the blood calcium, although the calcium 
given is absorbed and retamed with avidity There must be an 
additional, perhaps more important factor that regulates the distnbu- 
tion of calaum between the blood and tissues Parathyroid extract is 
potent m this respect But these cases do not behave as cases of 
tetany resultmg from loss of parathyroid glands, and the peculiar 
seasonal vanation speaks agamst a defiaency of parathyroid action, 
which would be more or less contmuous 

Cod hver oil (or the active prmciple therem contamed) is also very 
active m raismg blood calaum, and m maeasmg the retention of 
calaum, espeaally when the mtake is limited But if it were a case 
of defiaency m cod hver oil or its active prmaple as is qmte possible 
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m view of the monotonous, low-fat containing diet, the seasonal 
madence agam would require explanation When the fact that the 
inadence of tetany vanes with the intensity of the ultraviolet ray 
m the solar spectrum is considered, may it not he likely that the ultra- 
violet ray bemg more mtensc m the summer is suffiaent to make up 
for whatever is defiaent, but becomes quite meffective m the wmter? 
However further work seems necessary along this hne 

StrUMARY AND CONCLUSIONS 

1 Two of a large senes of cases of tetany resembhng infantile 
tetany occurrmg m an orphanage are studied with respect to the effects 
of vanous treatments on the calaum and phosphorus metabolism 

2 Merely mcreasing the mtake of calaum does not reheve the 
symptoms nor raise the blood calaum, although 50 to 60 per cent of 
the mtake may be retained 

3 Hydrochlonc aad gave a transient nse of blood calaum with 
shght rehef of symptoms m one case, but failed to do so m the other 
case It tended to deplete calaum from the body stores 

4 The nse of blood calaum with rehef of symptoms foUowmg 
parathyroid extract mjections is prompt and marked There is no 
increased excretion of calaum either m the unne or feces In fact, 
the retention of calaum tends to increase slightly 

5 The effect of cod hver oil is similar to that of parathyroid extract, 
but more lasting In addition there is a marked mcrease m the reten- 
tion of calaum, espeaally when the calaum mtake is limited It 
seems to be the most effiaent treatment m this type of tetany 
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A COMPARATIVE STUDY OF THE EFFECTS OF VARIOUS 
TREATAtENTS ON THE CALCIUM AND PHOS- 
PHORUS METABOLISM IN TETANY 

n. Chrokic Abult Idiopathic Tetan\ 

By SHIH HAO UD 

(From the Deparimeni of IfedldnCf PcHhi Umon MeJtcal CcHege, Ptilttg, China) 
(Recti\’ed for publicadon Novonber 1, 1927) 

Chrome tetany m adults is usually one of two tvpes. In the first 
type it IS assoaated with loss of parathyroid glands during operations 
of thyroid In the second, it occurs in individuals with lesions in the 
gastro intestinal tract leading to alkalosis Cases of chronic tetany 
in elderly individuals unassoaated with either of the above-mentioned 
conditions are extremely rare m the hterature The following case is 
recorded on this account as well as m view of metabohe data obtained 
that may throw some hght on the pathogenesis of this type of tetany 

REPORT OP CASE 

LHC, Hospital No 15810, a Chinese man of 46, unmarried, gardener by 
occupation, was admitted to the Peking Union Medical College Hospital on 
January 14, 1927, and discharged slightly improved on June 20, 1927 

Present illness The patient remained in excellent health until three years and a 
half before admission when he first noticed spasmodic stiffness of hands and arms, 
and at times of feet and legs The spastic attacks started from the finger tips, 
spreading upward to the arms and shoulders, usually preceded by numbness and a 
prickling sensation With severer attacks, there were slumng of speech, feeling 
of obstruction in the laiynx and difficulty In deglutition Each attack lasted 
from a few mmutes to many hours, occumng with a frequency varymg from 
several tunes a day to once m several days At times the spasms were more or 
less continuous Both the severity and frequency of the attacks bore no relation 
to season Shortly after the onset of the spastic attacks, he began to have diar 
rhea, 10 to 15 stools daily, watery, with mucus, but no blood* Abdominal cramps 
and tenesmus were present Smcc the acute attack of diarrhea, which lasted for 
about a month, his stools continued to be loose, once or twice daily A year ago, 
he had the first attack of unconsaousness with dome convulsions of all extremities, 
^Tinosis, stertorous breathing and foammg m mouth* He regained consdousness 
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m about ten minutes Smce then, similar epileptiform fits have occurred ir- 
regularly once every few days to once in several months The last attack, which 
prompted his visit to the hospital, took place two days pnor to admission 

Past history He had no past illnesses that he could recollect No operation 
had been performed on his neck There was no history of tetany in early child- 
hood, and no other members of the family were similarly afiected His diet was 
not essentially different from that of the laboring class to which he belongs There 
was no nausea, vomitmg or other gastro-mtestmal disturbance m the past that 
would possibly suggest gastric tetany 

Physical eocamination This revealed a middle-aged man, well-developed and 
fairly well-nounshed Weight 56 9 kgm Height 164 cm His hands and feet 
were held m typical carpopedal spasm A strongly positive Chvostek’s sign was 
obtamed Raismg the arms vertically over the head caused pam in the upper 
extremities (Pool’s phenomenon) Besides the signs of hypenmtabihty of the 
neuro-muscular system, other neurological exammations were negative The 
hair was normal, and there were no dental changes The thvroid gland was 
palpable, but not enlarged The heart and lungs were normal Blood pressure 
98/72 The abdomen was slightly distended with gas The liver, spleen and 
kidneys were not palpable 

Laboratory findings Unnalysis showed no albumm, and no sugar Indican 
reaction was shghtly positive Stools were semi-fluid contammg ascans and 
hookworm ova m small numbers Blood exammation White blood cells 7200 
with 66 per cent of polymorphonuclear neutrophiles, 12 per cent of lymphocytes, 
9 per cent of large mononuclears, 12 per cent of eosmophiles, and 1 per cent of 
basophiles Blood Wassermann reaction and Kahn test were negative Total 
serum calaum was 6 0 mgm per 100 cc with 2 4 mgm diffusible, and 3 2 mgm 
non-cbffusible Serum morganic phosphorus was 7 21 mgm , plasma sodium 
chlonde 550 mgm , and carbon-dioxide combmmg power 67 2 volumes per cent 
Basal metabolism with Tissot’s spirometer w’as -bO 2 per cent Gastnc analysis 
showed no free acid either m the fastmg content or m the specimen one hour after 
the Ewald’s test meal Gastro-mtestmal roentgen ray exammation revealed 
some retention of barium meal m ascendmg, transverse, and descendmg colon m 
48 hours Otherwise it was normal Roentgenogram of pelvis showed no changes 
m the bones 


RESULTS 

This patient was put on the same regime and studied in the same 
manner as the two cases reported in the first paper of this senes (1) 
His diet was kept constant throughout the expenmental penod with 
an mtake of calaum of approximately 0 35 gram daily The results 
of the study are summarized m table 1 and chart 1 
The first hne of treatment was parathynod extract given subcu- 
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taneously 60 units a day for two periods of four days each This was 
followed by complete disappearance of tetany with cessation of diar- 
rhea and epigastric discomfort His serum calaum was raised from 
6 0 to 9 0 mgm , the nse bemg mainly m the diffusible fraction The 
calcium balance, bemg negative dunng the fore-penod, became 
positive, and increasmgly so with the further admmistration of the 
extract The blood calaum decreased to 6 2 mgm at the end of the 
period durmg which parathyroid extract was discontmued 



Chart 1 Showing the Ehfect of Various Treatments on the Calcium 
Balance, and the Total, Diefusible and Non-Diffusible 
Serum Calcium 

Then three penods were devoted to hydrochlonc aad treatment 
dunng which he expenenced moderate rehef of symptoms, but Chvo- 
stek’s and Trousseau’s signs remamed marked The blood calaum, 
mstead of bemg maeased, deaeased from 6 5 to 5 2 mgm , the further 
reduction here bemg m the non-diffusible portion The calaum 
retention was lowered from 43 3 per cent durmg the first penod to 9 9 
per cent dunng the third penod of the aad admmistration, the m- 
aeased excretion occumng chiefly in the stools 
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During the next three periods, calaum chlonde, 2 grains daily, was 
given, thus increasing the intake three-fold This caused no improve- 
ment m the patient The blood calaum remamed at 6 5 mgm., m 
spite of the strongly positive calaum balance, 37 to 60 per cent of the 
Intake being retained 

Cod liver oil given m 30 cc. dady doses for the next three penods 
agam made no change m the patient’s condition His blood calaum 
stayed at about the same level, and the retention of calaum was not 
mcreased In fact, dunng the second penod of cod liver oil adminis 
tration, the balance was negative. 

In view of the possibility of this case bemg assoaated with mtestmal 
mtoncation, two penods were used for the oral administration of 
kaohn in 20 per cent suspension which nnght adsorb any toxins from 
the mtestmes, as suggested by the work of Braafladt (2) This was 
not followed, however, by any benefiaal effect. The blood calaum 
again failed to rise Dunng the first penod of kaolm treatment, the 
calaum mtake and output approximately balanced each other, while 
the output of phosphorus was remarkably mcreased givmg nse to a 
negative balance Dunng the second penod, however, both calaum 
and phosphorus were fairly well retamed 

After two rest penods, parathyroid extract and calaum chlonde 
were given together for two penods, dunng which all signs of tetany 
disappeared and the blood calaum rose from 6 5 to 11 1 mgm., a level 
higher than normal Here the nse of blood calaum was agam more 
m the diffusible than in the non-diffusible fraction Dunng the first 
penod of combmed treatment when the blood calaum was approach- 
mg the normal level (9 6 mgm ), the calaum retention was about the 
same in extent as dunng the penods m which calaum chlonde alone 
was given But in the second penod of combmed treatment when the 
blood calaum (11 1 mgm) was elevated above the normal level, 
markedly maeased excretion of calaum occurred m the unne, givmg 
nse to a decreased calaum retention as compared with the penods of 
calaum chlonde alone 

Ultraviolet radiation was given a tnal for the next three penods 
Each exposure was made at 40 cm distance for 5 to IS mmutes on the 
chest, abdomen, legs or back There were ten e-xposurcs m twelve 
da>’s of the eipenmental penods. There was no subjective nnprove- 
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ment noticed Neither the blood calaum, nor the retention of cal- 
aum was increased by the treatment 

niscussiON 

This IS a case of chrome tetany m a man of 45, accompamed by 
diarrhea and epileptic fits It is not assoaated with operative removal 
of the parathyroids The absence of gastro-mtestmal lesion that 
would lead to alkalosis, and the repeated findmgs of a normal bicar- 
bonate and chlonde content m the blood would exclude gastnc tetany 
A very few possibly similar cases m women are reported m the htera- 
ture, but none in men Mofhtt (3) m 1911 desenbed two cases of 
chronic tetany m women, aged 41 and 45 respectively, m whom neither 
an operation had been performed on the neck, nor a lesion m gastro- 
mtestmal tract found Findlay and Sharpe (4) reported another 
case of chrome tetany m a woman of 52 with diarrhea as a pro- 
nounced feature, as m the present case Underhill, Tileston and 
Bogert (5) studied a similar case of tetany m a woman of 35, assoaated 
with mtestmal putrefaction and foul diarrhea They foimd that 
calaum absorption proceeded normally, but the blood calaum was not 
raised by even a large mtake of calaum Pregnancy did not enter 
as a factor m any of these cases 

The assoaation of epileptic attacks m this type of tetany is not 
known Gibson ( 6 ) reported a case of juvende idiopathic tetany m 
a boy of thirteen with epileptic fits, and quoted Redhch as reporting 
72 cases m which epileptic seizures accompanied or followed tetany 
Of them, 21 were m tetany foUowmg loss of the parathyroids, 17 m 
chrome juvenile cases, 5 m obstetneal cases, and the remamder m 
gastnc and infantile tetany No mention was made of chrome adult 
idiopathic tetany such as existed m our case 

Concemmg the metabohe data obtained, the most stnkmg feature 
IS that none of the treatments mstituted had any marked benefiaal 
effect except the parathyroid extract, given either alone or combmed 
with calaum chlonde Cod hver oil, the effective remedy for infan- 
tile tetany and the type of tetany m adolescent girls reported m the 
first paper (1), failed entirely m this case There was no alleviation 
of symptoms, nor was there any increase m blood calcium or retention 
of calaum Likewise ultraviolet radiation proved madequate 
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Kaolin was also mefifective. There was an mcreased retention of 
calaum when the calaum intake was raised, but no rehef of symptoms 
nor nse of blood calaum. Hydrochlonc aad mduced only sbght 
improvement m the spastic attacks, but the resultant lowermg of the 
blood calaum and decrease of calaum balance mdicate that the 
administration of hydrochlonc aad is not a desirable treatment 

rhe efifect of parathyroid extract m this case is umque m that it 
completely reheved the symptoms and signs of tetany as well as the 
mtestmal disturbance comadently with the prompt and marked nse 
of blood calaum, espeaaHy of the diffusible calaum. When the blood 
calaum was raised nearly to normal, there was a sbght mcrease m 
calaum retention, but when it rose above normal, the excretion of 
calaum m the unne was mcreased The vanation m calaum excre- 
tion correlated with the blood calaum level probably accounts for 
some of the discrepanaes m the reports by vanous authors regardmg 
the effect of the parath)aoid extract on the excretion of calaum. 

The failure to obtam results with other treatments than parathyroid 
extract m this case suggests the existence of a primary parathyroid 
defiaency with resultmg disorder of calaum metabobsm, hypenm- 
tabihty of the neuro muscular sj'stem and mtestmal disturbances 
Such a defiaency can only be remedied by supplvmg the normal 
hormone of the parathyroid glands which is supposedly contamed in 
the extract Swmgle and Rhmhold (7) m the treatment of ten para- 
thyroidectomixed dogs with ultraviolet radiation found that this did 
not prevent tetany nor the fall of blood calaum. Similarly Jones (8) 
failed m his treatment of parathyroidectomized dogs with cod hver oil 
The lack of response to either cod liver oil or ultraviolet radiation m 
the case presented, as m these dogs with actual loss of the parathyroids, 
would also lend support to the hypothesis that this case represents 
one of parathyroid defiaency 

SmniAKY AND CONCLUSIONS 

An unusual case of chrome tetany m a Chinese male of 46, unasso- 
aated with alkalosis or removal of the parathyroids is reported 
Epileptic fits and mtestmal disturbances were accoinpan 3 Tng features 
Of all the treatments mstituted only parathyroid extract gave relief 
of symptoms and elevation of blood calaum. When the blood calaum 
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approached normal, there was an increased retention of calcium, but 
when it rose above normal a decreased retention occurred Cod hver 
oil, ultraviolet radiation, kaolm, calcium chlonde, and hydrochlonc 
aad were aU meffective The lack of response to all other treatments 
except the parathyroid extract is taken to indicate a probable pnmary 
parathyroid defiaency as the cause of tetany m this case 
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the Medical Clintc Johns Uopktns Vnsversity, Baltimore) 

(Received for pubUcadon July IS, 1927) 

In previous papers we rejxirted the results of studies of gastnc 
function earned out by means of a standard alcohol test meal (1) 
The work had two objectives first, to mvestigate the diagnostic value 
of “gastnc analjrsis” and second, to obtam information about certam 
questions of physiology of the stomach The present report deals 
with the relations of gastnc aadity to vanous factors such as age and 
physical fitness 

Ever smee the mtroduction of test meals as a means of studymg the 
function of the stomach, clini cians have been interested m estimatmg 
the aadity of the gastnc jmee Certam outstandmg facts were soon 
discovered It was found, for example, that the degree of aadity 
vaned m different people, and that gastric ulcer was often assoaated 
with high aadity, whereas m cancer of the stomach there was absence 
of “free HCl ” The exact diagnostic significance of gastnc aadity 
has, however, never been accurately defined, some observers regard 
high aadity (hyperaadity) and anaadity as distmct diseases or dis- 
orders, while another view is that great vanations may exist without 
any pathological significance 

It seems evident that some of this uncertamty is due to a lack of 
accurate mformation about the normal vanations of aad secretion, 
which wiU be discussed below 


METHODS 

A miscellaneous group of 90 people was studied Although they 
were hospital patients many of them were, to all mtents and purposes, 
normal Others suffered from vanous disorders, but no one wnth 
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demonstrable orgamc disease of tbe stomach, such as cancer, ulcer or 
permaous anemia, was mduded Desperately lU and monbund 
patients were also excluded The aadity of the gastnc juice, fol- 
lowing stimulation with a standard alcohol test meal, was determmed 
The procedure has been descnbed m detail (1) and curves of aad 
secretion have been pubhshed (2) In the foUowmg charts titratable 
aadity is expressed m terms of the number of cubic centimeters of 
n/ 10 NaOH necessary to neutralize 100 cc of gastnc jmce, phenol- 
phthalem was used as mdicator It should be speaaUy emphasized 
that the values herewith presented refer to the highest aadity of the 
pure gastnc juice attamed after stimulation These values are ob- 
tained by makmg allowance for dilution of the gastnc jmce by the 
test meal (1) Values from direct titration of test meal specimens 
are often mcorrect and misleading, owmg to vanous errors which have 
been pomted out elsewhere (2) 


RESULTS 

Range of acidtiy m people vniliout disease of the stomach 

In the present group, titratable aadity of the pure gastnc jmce 
vaned from O’- to 118 The percentage distnbution of the cases 
accordmg to height of aadity (exclusive of those havmg an anaadity) 
IS shown m chart 1 Over 40 per cent of the subjects had an aadity 
between 60 and 80, and 60 per cent of the estimations fell between the 
hmits of 50 and 90 There was no evidence, however, that the people 
with values of under 50 or over 90 had any disease of the stomach 
In no person, either normal or with gastnc disease, have we ever 
encountered an aadity over 135 This is m harmony with the obser- 
vations of others that there is a defimte upper hrmt of aadity which 
the human stomach can, imder no circumstances (3), exceed The 
value corresponds approximately to 0 5 per cent HCl 
To obtam further information on this pomt histamme was em- 
ployed The effect of this substance on gastnc seaetion has been 
discussed previously (4) , suffice it is to say that it acts as a powerful 
stimulus People without gastnc disease, who showed vanous de- 
grees of aadity after the alcohol stimulus, were selected, 0 5 mgm 

’ Aadity is recorded as 0 when the pH was above 3 0 
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of^histaiDine ws then mjected subcutaneously Wd the [test was re- 
peated The results are shown m table 1 


TABLE I 

Tilratatis aadity before and after histamine 


Cam pttmber 

PtitncutA 

'Htn table addlty 
before bktAinbie 

TltatAUe tddltjr 
After bbtAmine 

27 

Cancer of liver 

cc OJh ftr 100 a 

0 (pH 6 3) 

u^O 1 N 100a. 

0 (pH 3 4) 

5 

Mitral fiteno&ls 

0 

13 

69 

Normal 

0 

67 

43 

Normal 

13 

33 

15 

Hyperthyroidism 

16 

34 

6S 

Normal 

43 

65 

61 

Normal 

50 

134 

2S4 

Normal 

91 

112 

13 

Normal 

81 

124 
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Chakt 1 Pebcentage DisTEiBtmoN or all Cases Accordwo to Degree 
or Gashuc Actoity 


In every case a juice of greater aadity was secreted after histamine 
The degree of mcrcase did not, however, bear a constant relabon to the 
value obtamed before hista m i n e was given, and the aadity never 
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exceeded the upper limit which has previously been mentioned It is 
evident then, that the aadity of the gastnc jmce is m no sense a phys- 
iological constant to be compared, for example, with the reacton of 
the blood Why one person secretes a more acid juice than another is 
not at present known, the pomt of practical importance is that a very 
hberal mterpretation must be put on acid values m the diagnosis of 
chmcal disorders, and that aadities over the entire range, from 0 to 
approximately 130, are compatible with health and with the absence 
of demonstrable disease of the stomach 
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Chart 2 Relation of Gastric Actdity to Physical Fitness 

RelaUon of gastnc acidity to physical fitness 

One wonders, naturally, whether a person’s general state of health 
and weU bemg, apart from disease of the stomach, bears any relation 
to the degree of aadity of the gastnc seaetion Baird, Campbell and 
Hem (5) have studied this question, and they found no clear relation 
between degree of acidity and physical fitness However, they dealt 
with a group of healthy young adults, who were aU well, even though 
some were of supenor physique The subjects of the present study, 
on the other hand, represented all degrees of physical condition m a 
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miscellaneous group of people who had m co m mon only the fact that 
there was no demonstrable orgamc disease of the stomach Our 
groupmg as to fitness is purely arbitrary the subjects are divided 
mto four groups (good, fair, poor, bad) dependmg on our impression 
of their general physical status A robust young man with a local 
lower urmary tract lesion is classed as “good,” a patient with cancer 
of the hver and cachexia is classed as “bad,” etc The results of the 
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CnART 3 Relation or Gastric Acidity to Heuoolobin 


mquiry are shown in chart 2 Each dot represents the highest 
aadity reached, after the alcohol meal, in a different person Values 
from zero up to 100 or more were found m aU groups, although more 
than half of the patients whose physical condition was classed as 
“bad” had an anaadity The average aadity of the “good” and 
“fair” groups combmed was 69 and of the “poor” and “bad” 33, so 
that there appears to be a definite relationship between fitness and 
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acidity However, other factors, such as age, enter into the question 
and the matter will be discussed below more m detail 

AGE 
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Chart 4 Relation of Gastric Acidity to Age 
Anemia 

The relationship of anacidity to permaous anerma is definitely 
established, whether lack of blood m itself is assoaated with defective 
gastric secretion, is not defimtely known In chart 3 are shown 
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some observations m cases other than permaous anemia Degree 
of aadity is plotted agamst per cent of hemoglobm Unfortunatelj 
we have only a few observations m very anemic patients, but as far 
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Chart S Relation or Gastric Aciditt to Age 

as they go they give no mdication that anemia, per se, is responsible 
for lack of gastnc secretion Mote observations are bemg made 
on this pomt 
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Age 

Various observers have shown that gastnc secretion is not fully 
established at birth, and according to Mamott and Davidson (6^ 
and Davison (7), relatively few infants secrete enough HCl to give the 
red reaction with dimethyl amido-azobenzene Between the ages of 
15 and 20 years, however, abundant acid is usually present although 
even among young people approximately 5 per cent fail to show free 
HCl, when tested with the fractional gruel meal With advancmg 
years the frequency of “anaadity” mcreases, and Keefer and Bloom- 
field (8) found m a large group of people without evidence of any 
anatormcal disease that anaadity Oswald test meal) was present m 
over 20 per cent of people m the 50 — 60 year age penod and m over 


TABLE 2 

Rdatton of age and physical fitness to acidity 


1 

All cases 

Good 

Bad 

All cases 

Average titratable 

58 

29 

Under 30 

aadity— »• 

i 

65 

77 

48 

Over 50 

38 

38 

16 


thirty-five per cent of those beyond 60 years Dedichen (9) made 
similar observations It is not dear, however, from the hterature 
whether the mcreased frequency of anaadity m old people is merely 
an expression of a general lessenmg of secretion of aad in all people 
as they grow older or whether speaal causes operate at this time of 
life to produce defiaency of acid m particular mdividuals without 
everyone bemg affected 

In the present study the highest aadity reached m each case after 
the alcohol meal was plotted against the age of the subject The results 
are shown m chart 4 

At first glance one is struck by the scattermg of the dots, which shows 
that at any age period there is a wide vanation m aadity m different 
people However, the maeasmg frequency of anaadity with ad- 
vancmg years is evident, as weU as the deaease m high aadities 
(90 or over) When the average aadity m various age penods is 
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charted, a striking general decrease with advancing years is noted 
That this IS not due merely to more instances of anaadity (chart 5) 
IS shown by chartmg on the same scale the per cent of the total group 
with aadities of less than 40 and over 100 These observations 
suggest the possibdity that as the mdividual grows older his gastric 
secretion tends to become less aad If his aadity at the age of 20 
was 100 it might, for example, be only 60 at the age of 65, if it was 40 
in youth there nught be an anaadity m old age In considering the 
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Chart 6 Relation of Ace and Physical Fitness to AcroiTy 

relationship of gastnc aadity to disease it is therefore necessary to 
take age mto account This pomt has already been stressed in rela- 
tion to anaadity, but is brought out more clearly by the present ob- 
servations 

In order to be sure that the apparent relation of gastnc aadity to 
age was genume and was not modified by physical fitness, the figures 
were analyzed from another pomt of view A senes of cases was 
selected m which general physical condition was defimtely good or 
bad These were further divided mto young (under 30 years) and old 
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(over so years) Both factors were then correlated with average 
aadity in the various groups The results are shown in table 2 and 
chart 6 Physical condition seems dearly related to degree of gastnc 
aadity, but age as far as the present observations go, is a more im- 
portant factor 


SUMMARY 

A study has been made of the aadity of the (undiluted) gastnc 
jmce after a constant stimulus m a miscellaneous group of patients, 
none of whom, however, had orgamc disease of the stomach The 
values vaned over a wide range but on the whole could be correlated 
with two factors — age and physical fitness The former seems the 
most important, and our observations mdicate that as people grow 
older they tend to secrete a less acid gastnc jmce No attempt is 
made at present to explain the mechamsm of the deficiency 
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In a previous paper (1) we discussed the relation of degree of gastnc 
aadity of people without organic disease of the stomach to physical 
fitness, age, and other factors It was shown that acidity tends to 
decrease with advanang years and that people m poor general physical 
condition, on the whole, have a less aad stomach jmee than those who 
arc fit The present rejxirt deals with a similar study of the volume 
of gastnc secretion and gastnc motdity after a standard stimulus 

METHODS 

The subjects were part of the group used for the previous observa- 
tions (1) As far as possible orgamc lesions of the stomach were 
excluded m every case. The tests were earned out by the method 
which has previously been desenbed m detail (1, 2) 

The volume of gastnc secretion 

In a previous papier (3) it was pwrnted out that following stimulation 
of the stomach inth 50 cc of 7 per cent alcohol the maximum ten 
minute volume of gastnc secretion i-nned m difterent pieople from 10 
to 40 cc. with occasional greater or smaller values The present larger 
senes of 51 people is m essential agreement smee all but four observa- 
tions fall withm the range of 10 to 50 cc. 

Relation of volume of secretion to age 

In view of the clear relationship of gastnc aadity to age, an mqmry 
was made as to the relation of age to volume of gastnc secretion The 
dots m chart 1 mdlcate the highest ten mmute secretion volumes, 
after the standard alcohol stimulus, in different cases plotted m rela- 
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tion to the age of the subjects The tendency to lower volumes in 
older people is obvious and is shown graphically m chart 2 The 
explanation of this phenomenon is not yet dear 

Relation of volume of secretion to physical fitness 

It was found that gastnc aadity was dimimshed m people whose 
physical condition was poor No such clear relationship could be 
demonstrated m the present senes with regard to volume of secretion 
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Chart 2 


Chart 1 Relation of Volume of Gastric Secretion to Age 
Chart 2 Relation of Volume of Gastric Secretion to Age 


The average maximum ten-mmute volume of those m good condition 
was 33 5 cc , of those m bad condition 27 cc That these figures were 
not due to acadental age distnbution in the two groups is shown by 
the foUowmg analysis (table 1) 

Gastnc motility 

The question of gastnc motihty may be discussed from either of 
two aspects First, there are the considerations of pure physiology 
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which deal with the complex phenomena of the contractions of the 
stomach and with the analysis of the neuromuscular mechamsms 
which are mvolved Secondly, there is the chmcal problem of the 
diagnostic significance of gastnc motdlty Radiologists and climaans 
have placed a good deal of stress on “retention” beyond a certain 
length of time, “spasm,” “hyjiermotility” and “atony,” but the 
exact mterpretation of gastnc motility m disease, apart from defimte 
pylonc obstruction, is still very uncertam The present observations 
have httle, if any, theoretical importance, they deal simply with an 
objective study of the volume of contents and the emptymg time of 
the stomach under controlled conditions after a standard stimulus 
Our object was to obtain, if jxisaible, a base Ime with which the findmgs 
m instances of gastnc disease could be compared 


TABLE I 

Rtlaitcn oj age and phyttcal condtiion to volume of laeirk ttcreiwn 



AUctics 

0«odcoodiUo9 

S»d ceodldoo 


u 

(t 

ce. 

All cases 


33 5 

27 

Under 30 

33 

41 0 

37 

Os'cr 50 j'cars 

20 

20 0 

19 


The procedure, as prenously described, consisted of mtroducmg 
mto the empty stomach through n small tube 50 cc. of 7 per cent 
alcohol The subjects were all m bed under "basal” conditions At 
ten-nunute mtervals the entire stomach contents were aspirated 
through the tube, which remamed m place throughout the expenment 
A sample of 10 ca was rctamed at each aspiration and the remamder 
was immediately re mjected mto the stomach It was possible, 
therefore, to plot curves showing the volume of stomach contents at 
regular mtervals Such volumes, needless to say, represent the sum 
of the ilmd introduced and the gastnc secretions, less contents which 
have escaped through the pylorus A few curves were published m 
a previous paper (3) but a much larger senes (consecutive cases) 
IS now presented 

It IS at once apparent that the cun es (chart 3) have an orderly 
character, two different types can be distinguished In the first group. 
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following the introduction of the alcohol there is a steady increase in 
gastnc content which reaches a maximum m from 30 to 50 minutes 


CsC 



Chart 3 Voluiee Curves or Gastric Contents 

and then dechnes, often rapidly, m the second group the volumes 
decrease from the start In a few cases the curve is mtermediate 
between the other two types It is of mterest that the regulanty of 
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the curve does not seem to be interfered wth by the frequent aspira- 
tions, m no instance, for example, does the curve nse after once be 
ginning to fall It is evident that under the conditions of these expen- 
ments a regular and orderlj action of the stomach is revealed, the 
rising curves, of course, mdicate predommance of gastnc secrebon 
over discharge the falling curves indicate the reverse, although 



CnAKT 4 Composite Volume Curves op Gastric Contents 

neither type gives anj direct information as to volume of gastric 
secretion We have found, however, that the high curves are usually 
assoaated with large itilumes of secretion, the fallmg curves may or 
may not have such significance Chart 4 (C) is a composite graph of 
the averages of all the curves shown m chart 3 i4 is a composite of 
aU the curves with mitial nse and B of all the curves with an imhal 
fall 
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Emptying time of stomach 

Chart 3 also shows the emptjong tune m vanous cases The great 
vanation is apparent, m some cases the stomach was empty m 20 

ttsCC. 



Chart 5 Repeated Volhme Curves or Gastric Contekt 
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Chart 6 Repeated Voldme Corves in One Patient 

mmutes, m others there was still a large quantity of gastnc contents 
at the end of an hour or more In view of the orderly character of 
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the curves, we tried to find out if the type of curve was characteristic 
of a particular stomach Repeated observations were therefore made 
m a number of cases and the graphs are shown m chart S In our 
previous paper (3, 4) we stressed the great vanations m the mobhty 
of the stomach on successive exammations. While this fact is qmte 
correct there is none the less a stnkmg general similanty between 
most of the curves obtamed on successive occasions m the same 
subject Six pairs of curves are shown m chart 5 Each pair repre- 
sents the first exammation and a second one made after an mterval of 
a weet or more. Curves 4 and 4' are the only ones which show any 
extreme difference We have repeated observations m IS cases, m 12 
the curves were similar Chart 6 shows curves from five exammations 
of the same person In aU a good deal of sumlanty is apparent 
although the speed of emptymg vanes 

SUMMARY 

The present observations have been made with a view to estabhsh- 
mg the volume of secretion and the gastric volume curve after a 
imiform stimulus m order to set standards with which observations m 
instances of gastnc disease can be compared 

In addition to defining the normal vanations m volume of gastnc 
secretion it is pomted out that volume of secretion as well as aadity 
decrease with advanang years Curves of volume of total gastnc 
content are presented and discussed 
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A COMPARATIVE STUDY OF THE ROTATORY AND RE- 
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In a previous paper (1) a method for stud 3 ung the rotatory 
values present m human blood plasma has been discussed, and a 
senes of comparative reducmg and rotatory values have been pre- 
sented, recordmg the values obtained from normal mdividuals and 
hospital patients, exclusive of diabetics and nephntics It was 
found m this senes that the rotatory values of plasma ultrafiltrates, 
if expressed m terms of glucose generally proved to be lower than the 
reduang values and m fact, good agreement between the two was 
recorded m only a few mstances These recogniied differences be- 
tween the reducmg and rotatory values were designated m the expen- 
ments as R-P values (the reducmg mmus the polanscopic value) and, 
m the previous senes, were found to range between the equivalent of 
0 and 0 130 gram of glucose per 100 cc , averagmg about 0 040 gram 
per 100 cc The rotatory values proved to be somewhat irregular, 
however, for m studymg the ultrafiltrates over a penod of seventy- 
two hours, fluctuations were noted, amountmg to an average value of 
±0 022 gram of glucose, whereas the reducmg values remamed prac- 
tically unchanged These findmgs conform m general to those which 
have been reported by other mvestigators whose work has been re- 
viewed m the previous communication 
At the outset, however, it is well to re-emphasize the fact that studies 
of the R-P values of blood plasma consist essentially in the measure- 
ment of a rather complex propert> of human blood plasma and not 

' Robert Robmson Porter Fellow m Research Jledidne, Unhersity of 
Pennsjlvania. 
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m the measurement of a substance Furthermore we are deahng with 
a property which under the given conditions is m all probabihty some- 
what labile and may be subject to mutarotatory phenomena and may 
be qmte sensitive to certam environmental conditions, such as tem- 
perature, the hydrogen ion concentration, the presence of oxidmng or 
reduang agents, etc Attention has been called to this fact by other 
workers m this field who have also pomted out that if we assume that 
the reducmg power and the specific rotation of glucose m the blood is 
the same as that of an aqueous solution of a,i3-glucose m equihbnum, the 
differences then between the rotatory and reducmg values expressed m 
terms of glucose may be due either to the presence of reducmg sub- 
stances other than glucose, or to the presence of optically active sub- 
stances other than glucose without givmg a clue as to the nature of 
either type of substances As a matter of fact both explanations 
seem to be m part responsible for the R-P values In the case of the 
former it is recognized that small amounts of reducmg substances 
which cannot be attributed to glucose may be present m blood The 
exact nature of these substances has not been defined, although it is 
known that creatmme, creatme, unc aad, glycuromc aad, pentoses, 
disacchandes, purmes and adrenalm have the power of reducmg the 
reagents commonly used m blood sugar determmations, and, after 
the removal of glucose from blood by yeast fermentation or by the 
glycolytic action of whole blood, the residue of reducmg substance has 
been found to be eqmvalent to 0 010 to 0 030 gram of glucose per 100 
cc (2) In the case of the other optically active substances it has 
been suggested that they may be represented by )3-oxybutync acid, 
ammo aads and glycuromc aad (3), or by non-protem sulphur com- 
pounds (4) (5), all of which are known to exist m the blood The 
quantitative data on this subject are as yet too limited to warrant a 
very profitable discussion as to their nature 

In extendmg the work m an effort to determme the nature and sig- 
nificance of these R-P values the number of detemunations on clmical 
cases has been mcreased m the present study, for the immediate pur- 
pose of determnung whether these values would show any degree of 
umfoimity if classified accordmg to the tjqie of disease Although 
the number of cases which are reported below is small, the findmgs 
show that m at least two types of disease, namely, m diabetic and m 
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nephntic pataents with uremia, a certain degree of uniformity has 
been observed 

It is not within the scope of this paper to explain the general nature 
of the factors produang these differences between the reducmg and 
rotatory po^\er of the blood but rather to call attention to the values 
obtained In the nephntic senes, however, a note is made of an 
obvious factor which has been shown to be m part responsible for the 
differences 

Although there have been a number of studies m which comparisons 
between the rotatory and reducmg values are recorded, the number 
of observations of this type, which have been made upon groups of 
pathological cases appears to be limited 

Stepp (6) has reported a senes of such determinations expressed m terras of 
glucose, upon a group of seventeen normal mdmduols, a group of fourteen dia 
bctics m which some of the cases exhibited evidences of acidosis, a group of six 
nephntic cases both with and without nitrogen retention, and a small group of 
five misedinneoua cases Thu author worked with blood filtrates from which 
the protein had been preapitated with phosphotungstic aad and which had been 
subsequently concentrated by vacuum dutiUation 

In hu original filtrates he reported large differences between the high reducing 
and the low rotatory values his attention being largely confined to a discussion of 
the factors which promote these differences He considered however, that the 
rotatory values ^-erc a more accurate index of the true blood sugar content than 
the reducing values owing to the very appreciable presence of reducing substances 
other than glucose which could be removed by mere vacuum distillation or by the 
addition of neutral lead acetate Although his observations do not easily lend 
themselves to an anolvsu such os the one given below, no appreciable degree of 
umformit> m the reducing rotatory difference Is detectable m any of the particular 
groups of cases which he studied- 

A somewhat similar study of the differences between rotatory and reducing 
values in the blood of normal mdrviduals and in diabetics has been reported b> 
Winter and Smith (7) They found that after preapitatlng the blood protein 
and concentrating the filtrate in vacuo the rotatory values of normal blood filtrates, 
expressed as abo^c, ucrc considerably below the reducmg values, but on standing, 
these rotatory \TUuca rose until in a day or two thc^ had become equi\’alcnt to the 
latter In diabetic individuals, however the differences m rotatory and reduang 
values with a subsequent nse of the former were not obsen ed 

Lundsgaard and Holbpll (8) have also studied the differences between the 
rotatory and reducmg power m dialy’satcs obtained from normal and diabetic 
blood and have reported findings which show the same general trend as those 
observed by AVmtcr and Smith 
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METHODS 

The procedure, including the methods of obtammg the blood and filtering it 
through collodion sacs, which has been followed m the present study has been 
practically the same as that outlmed m the previous communication (1) A 
slightly different techmque was, however, employed m about half of the observa- 
tions given below for the polanscopic determmations The 189 mm polanscope 
tube with a Mazda lamp and an appropriate dichromate solution filter as the 
source of light were replaced by a longer tube and a mercury vapor lamp usmg the 
green hght with an arc of low pressure A special polanscope tube measurmg 
241 8 mm m length and holdmg 10 cc of solution was constructed for this purpose, 
which utilized the maximum length allowed by the instrument and at the same 
time did not require the use of an excess of solution The length of the tube was 
also gauged to facilitate the calculations for estimating the per cent of glucose 
which IS derived by the veil known formula 


Per cent of glucose 


Reading X 100 

Specific Rotation X length of the tube m dm 


By employmg a vave length of 5461 A, the specific rotation of glucose is 
62 03° (9) giving the final calculation 


Per cent of glucose 


Reading X 100 Reading 
62 03 X 2 418 “ 15 


In determinmg the error by the use of this method readings were made upon a 
senes of standard glucose solutions of a concentration of approximately 0 100 per 
cent The readings on the solutions were frequently alternated with readings of 
the zero point The average error of each mdividual determmation actually 
proved to be about the same as that previously reported amounting approxi- 
mately to ±0 010 gram of glucose, although theoretically the mcreased length 
of the tube should mcrease the accuracy of the method 

The reducmg determmations vere run by the method of Folm and Wu (10) 
In the previous communication, attention was called to the fact that the rotatory 
values observed m the plasma ultrafiltrates frequently showed fluctuations from 
day to day These fluctuations represent an uncontrolled variable m our hands, 
but m order to attam a moderate degree of uniformity the rotatory readings, upon 
which the calculations m this study ha\e been based, were m all mstances made 
on the day foUowmg that on which the sample of blood was obtamed and filtered 
All averages are followed by the 'tandard deviation of the average calculated bv 
the formula 


tr 



(x - 
n - 1 
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where “■ — standard deviation 
* - an observation 
I - the average 

n — number of observations in the average 
No averages have been considered as significantly different uniess they differ by 
more thno the sum of their standard deviations or b> the square root of the sum of 
the squares of their standard deviations. 

EXPERIMENT AL 

Normals 

The results of a small senes of reduong and rotatory detenmna- 
tions with the corresponding differences between the two, expressed m 


TABLE 1 

VltrafiUraie redticins and rtrlalary values oblained tn S normal tndivtduals 


Nttrabet 

CUfootb 

Redadog nhe 

24-boof roUtory 
▼thie 

RR 

37 

Nonnal 

0 085* 

-hO 051 

0 034 

38 

Normal 

0 109 

+0 007 

0 102 

dO 

Normal 


-0 003 

0 0S9 

Ai 

Normal 

0 104 


0 132 

42 

Normal 

0 032 

-H) 013 

0 069 

Minimum R P value 



0 034 

Maximum R P value 



0 132 

Mean R P \’alue 




0 085 ±0 036 


• All of the reducing and rotatory i-aluea in this and subsequent tables arc expressed 
as grams of glucose per lOQ cc. 


terms of glucose as R-P values, which have been made upon a senes 
of five adult normal mdividuals are shown m table 1 It will be noted 
that the rotatory values are appreaably below the reduemg values m 
all five instances and the resultmg R-P values are large varying from 
0 034 to 0 132 gram per 100 ca, and averagmg 0 089 ±0 036 These 
values are also graphically presented m figure 1, m which the rotatory 
values have been plotted agamst the reduemg ones It will be seen 
that the pomts all tall withm a relatively small area, which is within 
the range of normal fastmg blood sugar values The relatively large 
R-P values are emphasized by the chart 










308 


ROTATORY AND REDUCING PROPERTIES OP PLASMA 



o Normals • TTliscelloneous Cases ■biotetica ANephritics 


Fig 1 The DisTKisunoN of the Rotatory and Reducing Values prou a 
Series of Blood Samples Obtained from Normal Individuals, Miscel- 
laneous Cases, Diabetics and Nephritics 

The obhque hne radicates the position of the pomts of exact agreement between 
reducing and rotatory values The himts of usual normal fasting “blood sugar” 
or reducing values, are marked by the two vertical broken hnes 
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Miscellaneous cases 

The reducing and rotatory values obtained from a group of thirteen 
miscellaneous cases which represent a vanety of clinical conditions 
are shown m table 2 and graphically m figure 1 Three of the rotatory 
values are actually larger than the reducmg ones resultmg m negative 
R-P values In general, the R-P values range from a minimum of 
—0 021 to a maximum of 0 116 with an average value of 0 031 ±0 037 
Although the points shown m figure 1 cover a rather wide area, they 
fall for the most part withm the range of normal fastmg blood sugar 
values A stiikmg feature of the cases with higher reducmg values is 


TABLE 1 

UUnxfiltraU rtducxHt and rolatcrj xaiucs obtained tn 12 mtstdlaneous hospital cases 


Number 

Dbxrvoch 

Kedodat 

»*hie 

24-boor 
rotal «7 >thie 

RP 

51 

Arteriosclerosis 


+0 115 

-0 013 

52 

Arterioaderoris 


+0 085 

-0 021 

35 

Pyelltu 

0 092 

+0 063 

0 029 

27 

Cardac decompeiuatioQ 


+0 071 

-0 031 

43 

Cardiac decoa^>eiisatloa 

0 134 

-(-0 105 

0 029 

62 

Cardiac decompensation 

0 061 

-0 055 

0 116 

26 

Lobar pneumonia, syphilis 

0 102 

-1-0 091 

0 011 

64 

Iiobar pneiunonia 


+0 031 

0 040 

74 

Rheumatic fever 

0 119 

+0 090 

0 029 

28 

Salvatsan poisoning 

0 095 

+0 041 

0 054 

20 

OrrhosUof liver 

0 075 

-0 008 

0 083 

67 

Pyonephrosis, syp^^ilis 

0 118 

+0 120 

-0 002 

68 

Pyonephrosis 

0 097 

-H) 080 

0 017 

Minimum R P value 



-0 021 

Maximum R P \tUuc 



0 116 

Mean R P %'alac 



0 031 ±0 037 


that the majority of them give rotatory values showmg a close degree 
of approximation to the reducmg values, a feature which wfll be sub- 
sequently shown to be qmte characteristic of the diabetic senes This 
fact was so noticeable that the attempt was made to determme whether 
the group of mdividuals m which these small R-P values were re- 
corded showed any common clmical features Unfortunately, the 
amount of data which had been collected on these patients was ■smiill 
and our information is hmited, but it seemed to be a noticeable feature 
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that all of the R-P values which were below 0 030 in this senes occurred 
m patients who were showing evidence of vascular disease either syphi- 
htic or artenosderotic However, too many vanables enter the 
problem to allow stressmg this pomt which seems rather to be a 
feature warrantmg further investigation 

Dtabehc cases 

All of the diabetic specimens were obtained from ambulatory 
patients who were attending the Diabetic Chmc of the Out Patient 
Department of the Pennsylvama Hospital ^ The values obtamed m 
SIX of these diabetic patients are recorded m table 3, also m figure 1 
by the pomts represented as small squares It wfil be noted that the 


TABLE 3 

VUrafiUraic reducing and rotatory values obtained from 6 diabetic cases 


Number 

Diagnosis 

Reduang 

value 

24-hour 
rotatory value 

RP 

A 

Diabetes (insulin treatment) 

0 264 

4-0 250 

0 014 

B 

Diabetes 

0 208 

-fO 179 


C 

Diabetes 

‘ 0 333 

-fO 320 

0 013 

S3 

Diabetes (msulin treatment) 

0 270 

+0 251 


56 

Diabetes (msuhn treatment) 

0 284 

+0 248 


60 

Diabetes 

0 214 

-fO 197 


Mean R-P value. 

0 021 ±0 009 


specimens were obtamed durmg stages of moderate hyperglycemia'm 
which the reduemg values range from 0 214 to 0 333 The consist- 
ently close approximation which the rotatory values bear to the 
reduemg values is a stnJung feature of this series The R-P values 
are uniformly small, averagmg 0 021 ±0 009 mgm per 100 cc The 
distnbution of the pomts m relation to the hne of equahty between 
rotatory and reduemg values is emphasized by figure 1-. 

This findmg\of the close approximation between rotatory and re- 
duemg values.m diabetics has been previously noted by Winter aud 
Snuth (7) and Lundsgaard and Holbjfil (8) Considerable hterature 
has ansen with regard to its significance It is not the purpose of this 
article to discuss the significance of the findmg but merely to call 

® I am mdebted to Dr E S Dillon for the privilege of studying these patients 
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attention to our confirmation of it, notmg at the same time that some 
fairly low R-P values are also recorded m some of the miscellaneous, 
non-diabetic patients It would seem therefore, that low R-P values, 
although characteristic of the diabetic senes, do not represent a 
finding which 13 specific for that disease 

Chronic nephritis with uremia 

Early m the course of this study it was noted that large R-P values 
were encountered m nephntic cases with uremia and consequently a 
smnll senes of these cases was assembled for further study This 
type of case, namely that of advanced chrome nephntis of arteno- 


TABLE t 

Reducing ond rotatory ratues obtained from patients tcith chronic nephritis (nepkrosderosts) 
and unma 




DaU 



Red DC 

log 

rtluc 

Roll to ry 

RP 

29 

A. R 

April 20, 1926 

mt»nUr 

iOOee 

179 

mtm ptT 
J00t< 

25 

0 140 

+0 038 

0 102 

30 

A. D 

Apnl 27 1926 

277 

20 

0 121 

-0 028 

0 U9 

31 

KW 

April 28 1926 

277 

20 

0 168 

+0 021 

0 147 

69 

Has 

JI») 20, 1927 

150 

16 

0 127 

+0 055 

0 072 

76 

m 

Joly6 1927 

210 

16 

0 127 

-1-0 038 

0 0S9 

Minimum R P vtluc 

Maximum R P ^^llue 

Mean R P v-aluc 





0 072 

0 149 

0 112 ±0 035 


sclerotic ongin (nephrosclerosis) was selected for mvesbgation because 
the findings proved to be relatively consistent and because we were 
deahng with a clearly defined chmeal entity, m which we succeeded m 
confirming the chagnosis at necropsy in all of the cases recorded 
Furthermore the degree of mtensity as evidenced by blood urea 
nitrogen and creatmme determmations could be easilj followed The 
studies were made durmg the stages of termmal uremia. 

The results of this senes of observations arc recorded m table 4, 
and the pomts have also been charted as small tnangles m figure 1 
It will be noted that the R-P \alues tend to be large, ranging from 
0 072 to 0 149 and averaging 0 112 ±0 035 In figure 1 the pomts 
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fall in a group which does not comade exactly with the pomts regis- 
tered by the control cases, due in some measure to the fact that the 
reducmg figures occupy a higher range than the controls and also to 
the fact that the R-P values tend to be large 

The distnbution of these pomts which have been obtamed from the 
nephritic cases, suggests that reducmg substances other than glucose 
may be more responsible for the increased R-P values m this group 
than m the others The mcrease m the reducmg power of the blood 
m cases with mtrogen retention is recognized It has been shown to 
be partly due to the presence of reducmg substances such as unc aad 
and creatimne which are present m mcreased amounts Hiller, 
Lmder and Van Slyke (2) have found that, after subrmttmg normal 
blood to yeast fermentation or to the glycol 5 rtic action of whole blood, 
the residue of reducmg substance other than glucose was eqmvalent 
to 0 010 to 0 030 per cent of glucose They showed that m a 
senes of five cases of chronic glomerulonephntis with mtrogen reten- 
tion, four showed abnormally high amounts of total reducmg substance 
and the non-glycolyzable residual reducmg substances were maeased 
to about the shght extent that imght be expected from the retamed 
unc acid and creatimne, most of the total reduction values bemg from 
0 020 to 0 050 per cent These authors noted, however, that the im- 
portant part of the mcrease m reducmg substances m the nephntic 
cases was due to matenal which when fermented or mcubated lost its 
reducmg power as does glucose 

As the observations just mentioned apparently have a very defimte 
relationship to the R-P values, we have also determmed the amounts 
of non-fermentable reducmg substances m the ultrafiltrates from some 
of our nephntic cases 

The experiments were performed m the foUowmg manner The reducmg and 
rotatory values were first determmed To about 25 cc of ultrafiltrate a small 
portion (about a fifth) of yeast cake was added, the suspension was agitated and 
placed m the mcubator at 37° for one hour The suspension was then refiltered 
through a coUodion membrane and its reducmg and rotatory value redetermmed 

The results of a small senes of such determmations on a filtrate of 
ox blood and on three filtrates from human nephntic blood are shown 
m table 5 It wiU be noted that the values obtamed from the non- 



JOHN R PAUL 


313 


fermentable residue are uniformly lower than those reported by Hiller, 
Lmder and Van Slyhe, but it is evident none the less, that they show 
an appreaable relationship to the creatmme content and that reducing 
substances which mclude creatmme and unc aad are probably re- 
sponsible for a defimte fraction of the large R-P values encountered m 
the nephntic cases 

It wiU also be noted that the R-P values after fermentation are less 
than those repiorted before fermentation The factors tendmg to 
produce this latter phenomenon are unexplained and are m contrast 
to the results obtamed after removal of sugar by the glycolytic action 
of whole blood where it has been shown that subsequent to this pro 
cedure the R-P values were increased (1) 


TABLE 1 

Rotalorv and rtdnani values on anlfnat and ne^krilic blood bofore and after fermmtaiion 



B<dfor« fermcQUUot) i 

Alter fermcDUt^oo 


Cmdoine 

R 

P 

RP 

Cmiifiiae 

R 

P 

RP 

Ox 

1 S 

0 127 

q-o 031 

0 096 

1 7 

0 on 

-0 040 

0 051 

A 

9 2 

0 184 

-(-0 090 

0 091 


0 015 

060 

0 075 

B 

17 0 

0 083 

-0 100 

0 183 


0 026 

-0 130 

0 156 

c 

19 8 

0 048 

-0 132 

0 180 

16 8 

0 029 

-0 085 

0 114 


Although It IS a rough estimate it is noteworthy that if we assume 
that a maximum value of 0 030 will cover the average non fermentable 
fraction of reduang substances m the uremic bloods we still obtam 
an average R-P value, which is far larger than the average value ob- 
tamed m the senes of miscellaneous cases Interestmgly enough, 
however, the average nephntic values mmus 0 030 approximates the 
average R-P value obtained m the normal senes 

Post vwrtem samples of blood 

Owing to the occasional chmeal difficulty of obtainmg the large 
quantities of blood necessary for these determmations, a number of 
blood samples were secured qmte soon (i c , withm two hours) after 
death and the reduemg rotator} determmations were compared with 
the senes of ante-mortem figures It is to be emphasised at the start, 
however, that a companson of post mortem analyses of this type with 
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the figures obtained dunng hfe should be made with caution as a 
vanety of factors have to be considered which generally do not con- 
cern us in the interpretation of ante-mortem values After death, the 
stabihzmg mfluences which normally control not only blood volume, 
but its reaction, the non-protem mtrogen, the chlonde content and a 
host of other substances, break down with considerable rapidity 
together with the appearance of autolytic phenomena This break- 
down does not necessarily await the death of the patient for it is 
recognized that the conditions of the tenmnal hours are often not 
comparable with those of ordinary hfe and dunng these terminal hours 
or even days a vanety of protective and other mechamsms of the body 
may begin to fail 

The findings in this senes of determmations proved to be fairly 
consistent and somewhat noteworthy The reducmg determmations 
were frequently found to be well below the range of normal fastmg 
blood sugar values The rotatory values showed still lower figures and 
a large per cent of them proved to be markedly levorotatory producmg 
a corresponding increase m many of the R-P values (O 029 to 0 234) 
These values may be partially explamed on the basis of glucose loss 
from the blood which we know occurs m varying degree at about the 
tune of death (11) However, a notable feature of these observations 
proved to be that low reducmg values were almost invariably asso- 
ciated with high R-P values 

In conclusion I wish to express my appreciation to Dr J H Austin 
for his helpful cnticism dunng the course of the expenments and to 
Miss E F Herr and Mr S L Wnght, Jr for their assistance in the 
analytical work 

SUMMARY 

A comparative senes of the reduang and rotatory values as deter- 
mmed upon plasma ultrafiltrates have been recorded on a group of 
miscellaneous cases, a group of diabetics, and a group of patients with 
chrome nephntis and urerma The differences between reduction and 
rotation have been expressed in these observations in terms of glucose 
as R-P values (i e , the reducmg minus the polanscopic values) and 
the range of these R-P values from blood taken ante-mortem has been 
found to be from —0 021 to 0 149 
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It has been shown m the group of normal individuals that the R-P 
\’alues are moderately high fO 034 to 0 132) In the miscellaneous 
cases the R-P values cover a wide range C— 0 021 to 0 116) although 
most of them are low On the basis of a dmical classification it has 
also been shown that the two distinct groups of cases chosen for study, 
give a senes of R-P values which are characteristically different for 
the two groups In the group of ambulatory diabetic patients the 
R-P values proved to be uniformly low (0 013 to 0 036), a fact to 
which attention has been called by previous mvestigators (7) (8) In 
the group of uremic patients the R-P values tend to be high (0 072 
to 0 149) This mcrease has been shown to be m part due to the 
accumulation m the plasma of increased amounts of reducmg sub- 
stances other than glucose such as creatmme, etc However, the 
findmgs although different for the two groups are not specific, and 
values which are equivalent to those observed m some of the diabetic 
and m some of the nephntic patients are also recorded among the 
normal and miscellaneous cases 

It has been further shown that both levorotation and the R-P values 
are increased m the blood after death, a phenomenon which is fre- 
quently assoaated with low reduang values 

As a general rule, however, the antemortem R-P values have been 
found to deviate from the normal range more frequently m those cases 
in which the blood sugar or reduang values are outside the usual 
range Furthermore, two distmct factors have been noted m these 
experiments as bemg correlated with abnormally high R-P values 
One of these is the presence m the blood of an excess of reduang sub- 
stance other than glucose, and the other is the presence of an asso- 
aated hypoglycemia 
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STUDIES ON THE EFFECT OF CARDIA.C IRREGULAiaTY 
ON THE CIRCULATION 


I The Relation of Pulse Deficit to Rate of Blood Flow in 
Dogs Subject to Artificial Auricular Fibril- 
lation AND TO Regular Tachycardia 

Bt HAROLD J STEWART, J HAMILTON CRAWTORD and A R. GILCHRIST 
(From the Hospital of the RockeftUor InsiUufe for Medical Resoarth Nea Tork CUy) 

{Rccd\*cd for publkatkn July 8 1927) 

In preceding papers (1, 2) we have reported observations concerning 
the effect of regular and irregular tachycardia (auricular fibrillation) 
on the rate of blood flow in normal unanesthetized dogs 

The terms “rate of blood flow” and “relative blood flow” have been 
used m these mvestigations (1, 2) to denote speafic funcbons The 
rale of blood flow refers to the arteno venous difference m oxygen The 
difference corresponds to the tissue utilization of this gas The vol- 
ume of gas which the tissues take depends of course on the volume of 
blood which passes them If their reqiurements (that is to say, 
metabohsm) remam constant, the amount of oxygen taken must re- 
mam constant, provided that the volume of the blood and the partial 
pressure of the gases m it, also remam constant We mfer that if the 
arteno-venous difference changes, either by increase or by dunmution, 
the volume of blood which passes the tissues must have changed, for 
there is no reason to beheve that there has been change in any of the 
other possible factors Obviously, the data do not permit defimtive 
inferences to be drawn on the cardiac output, for we lack knowledge 
m these experiments of the amount of oxygen which has been breathed 
^We have taken m a given ammal, the arteno venous difference to 
represent 100, when the mechanism of his heart beat is normal We 
have also estimated it under the condihons developed by various 
abnormal rhythms and have found a ratio between the normal and 
the abnormal figures This ratio we call relative blood flow If, for 
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instance, the arteno-venous oxygen difference is 1 5 mM during a 
normal penod and mcreases to 3 0 mM dunng an artifiaal rhythm, 
the rate of flow dunng the artifiaal rh 3 rthm must have been slower 
dunng the second penod The ratio between the two then is 1 5/3 0 
or 50 per cent 

It was found that the rate of blood flow was uniformly deceased m 
auricular fibnllation In regular tachycardia, on the other hand, the 
rate of blood flow was unchanged m two-thirds of the observations, 
but m one-third it was decreased Why the rate of blood flow was 
unchanged m some dogs dunng regular tachycardia and decreased m 
others was not evident from the data which we had On reflection, 
it appeared that the difference is not due to absolute mcrease m heart 
rate for we have mcreased the regular rate to 390 per mmute without 
changmg the rate of blood flow, while on other occasions a deaease 
occurred dunng rates of 250 to 280 per minute Nor does it seem to 
be due to tlie percentile mcrease m rate For mstance, an maease of 
50 per cent was followed by a deaease m rate of blood flow, while an 
increase of 129 per cent occurred without any change, that is to say 
an mcrease of 50 per cent or 100 per cent may leave the blood flow 
imchanged or bnng about a deaease (2) The difference may, of 
course, lie in differences m the hearts themselves, for the response 
of one heart to approximately the same stunuh is not always the same 
as that of another Such differences cannot, however, now be de- 
tected by measurement It occurred to us that the presence of m- 
effective beats (the pulse defiat) might be one of the factors concerned 
in bnngmg about a change m the rate of blood flow which has been 
found in our experiments This factor occurred to us as a possibihty 
because we are already famfliar with its occurrence m rapid auricular 
fibrillation m patients We have therefore correlated m a senes of 
experiments the rate of blood flow with the pulse defiat m regular and 
irregular tachycardia m the same dog These experiments form the , 
subject of this paper 


METHODS 

The operative procedure used m the preparation of the dogs and the method of 
mvestigation were described m preceding papers (1, 2) Briefly, wire electrodes 
were sutured to the nght auricles The operations were performed with sterde 
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precautions The dogs were anesthetued with ether given by the intratracheal 
method After the dogs recovered from the preliminary operation the heart 
was stimulated through these electrodes and the effect of the new rhythm on the 
rate of blood flow was studied Irregular tach\xardia (auricular fibrillation) 
was brought about by means of a foradic current Regular tachycardias were 
maintained bj means of single induced break shoda thrown into the auricle at a 
regular rapid rate, which could be varied as desired The apparatus which we 
used to obtam these stimuU was described in a previous paper (2) In order to 
calculate the pulse defiat we have recorded simultaneously on the same film the 
electrocardiogram and a tracing of the femoral pulse The femoral pulse was 
transmitted bj rubber tubing from a rubber cuff applied to the nght hmd leg 
through the Kolia and Kubie modifications of the Erlanger capsule (3, 4) to a 
Frank capsule placed m front of the camera. The rubber cuff on the leg was 
inflated with air to a pressure near the diastolic level The movements of a beam of 
light focused on the mirror glued to the membrane of the Frank capsule were 
reflected to the lens of the camera and were traced on the moving sensitive film. 

The oxygen content of four samples of arterial and of mixed venous blood (5, 6) 
was estimated by the Von Slyke and Neill mnnometric method (7) and the relative 
blood flow calculated The first samples were taken during the period of normal 
rhythm, the second, after auricular fibrillation had been present for one hour and 
while it was still present, the third one to tuo hoars after the return to the normal 
rhythm, and the fourth, one hour after the onset of regular tachycardia mamtained 
artificially near the same ventricular rate os that found durmg the fibnllatory 
period The pulse defiats were calculated from simultaneous electrocardiograms 
and femoral pulse tracings taken at the time the blood samples were drawn In 
some animals the observations were made first during regular tadbjxardia while 
m others first during the period of fibrillation, but a rest period of one to two hours 
intervened between the two sets of observations m order to a\oId confusion from 
the effect of the two mechonisnis on the blood flow As before, the dogs laj 
quietly on the table without anesthesia and were so far as we know in a basal 
metabobe state on the da> of the cxpcnraenL Under these conditions we have, 
as has been said, mtcipreted changes m the oxygen consumed per liter of blood 
(that is to sa> , the difference between the oxj gen content of the arterial and of the 
mixed \enous blood) as representing changes m rate of blood flow and not to 
changes m metabolism And the ratio of the oxygen consumed in the two penods 
gives therefore the rclathT blood flow Wc did not attempt to estimate the oxygen 
absorption of the dogs because of the wide variation m results obtained in un 
trained, unanesthetired dogs TTie basal oxygen consumption of an untramed 
dog prcsuraabl> docs not differ from that of the same dog lymg in the same position 
after training The untramed dog, however reacts to the procedure used in 
measuring the oxygen consumption b> emotional disturbances with attendant 
changes in oi>gen consumption, while one trained to those procedures is not 
disturbed b> them \\ c ha\'c estimated the ox> gen consumption m a few trained 
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TABLE 2 

The comlalton of raie of Wood flow and pulse deflctl tn regular and trregular tachycardia {auricular flbrtllaiton) tn dogs 
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dogs during these expemnents and found that the metabohsm of the dogs remains 
constant (8) The calculations designated relative blood flow made m this paper 
and the two precedmg ones (1, 2) are therefore vahd, m so far as the assumption 
IS made that the changes which were observed depend on changes m the rate of 
blood flow and not on changes m the rate of metabohsm 


Rhythm 


Normal rhythm 


Regular 

tachycardia 




Auricular 



Fig 1 In This Figure is Compared tttf. Eefect of Eeguiar and of Irregu- 
lar Tachycardia upon the Ra.xe of Blood Flow and the Occurrence 
OF THE Pulse Deficit in Dog 14 
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OBSERVATIONS 

The correlalion of the rale of blood flow and pulse deflat tn 
aunailar fibnllahon 

There are 10 sets of observations on 10 dogs (table 1) In aU there 
was a decrease m rate of blood flow ranging from 20 to 54 per cent 
during the fibnllatory penod During the natural normal rhythm 
all the beats were effective, but during the penod of auncular fibril- 
lation there were pulse defiats rangmg between 50 and 200 per mmute, 
the ventncular rates rangmg between 290 and 350 per mmute. 

A comparison of the eflect of aunailar flbnllation and regular tachy- 
cardia tn the same dog 

In 6 dogs we have observations on the rate of blood flow and the 
pulse defiat durmg regular tachycardia as well as durmg auncular 
flbnllation (table 2) The iate of blood flow m dog 14 was unchanged 
durmg the regular tachycardia, there was no pulse defiat even when 
the heart was beating at a rate of 370 per mmute (fig 1) Durmg 
auncular fibrillation the rate of blood flow was decreased 45 per cent 
but there was a pulse defiat of 70 to 120 per mmute, the ventncular 
rate varymg between 290 and 340 per rmnute The rhythms which 
obtamed at the time the blood samples were taken m this dog were 
recorded electrocardiographically with simultaneous traangs of the 
femoral pulse (fig 2) Similar results were obtamed m 4 (dogs 11, 
12, 13 and 14) of the 6 dogs 

In dog 15 there was a decrease in rate of blood flow of 44 per cent 
durmg auncular fibrillation, the \cntncular rate bemg 350 to 380 per 
mmute, there was a pulse defiat of 180 per mmute (fig 3) Durmg 
regular tachycardia at the same ventncular rate (350 per mmute) 
the rate of blood flow was, however, likewise decreased (22 per cent) 
The unexpected decrease may be explamed by the fact that at times 
aU the beats were effective, while at other times only every other beat, 
that IS to say, there was a pulse defiat of 175 per minute The 
rhythms w hich were present at the tunc the blood samples a ere drawn 
were recorded electrocardiographically and simultaneous femoral 
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Fig 2 Electrocardiograms (Lead H) of Dog 14 are Shown at the Time the 
Blood Samples Were Drawn 

a was taken during the normal rhythm, b during regular tachycardia, c 2 hours 
after the end of the penod of regular tachycardia and before aimcular fibrillation 
was started, and d dunng auricular fibrillation In this figure as well as m figures 
4 and 5, X is the shadow of the electromagnebc signal and shows the frequency 
of the induced break shocks, F is the electrocardiogram, Z is the femoral pulse 
tracmg A short tune interval is seen between the beginning of the QRS complex 
of the electrocardiogram and the corresponding femoral pulse This is due partly 
to the transmission time from the heart to the femoral artery and partly to the 
transmission tune from the rubber cuff to the Frank capsule In the femoral 
pulse tracmg taken dunng auncular fibnilation (jd curve Z) attention is called 
to the variation m the excursion of the femoral pulse from beat to beat In this 
figure and m figures 4 and 5 divisions of the ordmates equal 10“* volts, divisions 
of the abscissae equal 0 04 of a second The ongmal curves are sharply con- 
trasted black and white, no half tones are lost by the method of reproduction 
The curves are reduced to two-thuds of their natural size 



H. J STEWART, J H. CJIAWTORD AND A R GILCHRIST 327 




Re^lop Auficul^r 

RhylWn NonraJ rhythm tacl^cardia Normsl rhythm fibnilalion 



Fig 3 In This Figure Is Compabed the Eefect oe Regulab. and of Ibbegd- 
lAB Tachycardia upon the Rate of Blood Flow and the 
OCCHREENCE OF THE PULSE DEFICIT IN DOG 15 

Fig 4 Electbocabdiogbams (Lead II) Abe Shown Obtained fbom Dog 15 
a was made during the normal rh 3 dhih, h and c durmg the regular tachycardia, 
d 2J hours after the end of the period of regular tachycardia and before auncular 
fibrillation was mduced, and e at the end of the fibnllatory penod The rever- 
sion to the normal rhythm is shown In curve h a pulse defiat occurs at every 
other beat, but m curve c all the ventncular beats are effective The curves are 
reduced to two-thirds of them natural size 
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pulse tracmgs made ffig 4) A similar state was found to exist in the 
case of dog 16 

In 6 dogs, therefore, there was a decrease m rate of blood flow dunng 
auncular fibrillation and a pulse deficit was present m each mstance 

TABLE 3 


Summary of experiments correlating rhythm, pulse deficit and rate cf blood flow 



Rhythm 

Rate of blood flow 

Pulse deficit 

Dog 








Rapid 

regular 

Auncular 

fibnUatioD 

Increase 

No change 

* Decrease 

Present 

Absent 

number 

”{ 

+ 

+ 

+ 


+ 

+ 

0 

.2 ( 

+ 

+ 1 

1 


4* 

+ 

+ 

0 

.3 { 

+ 

+ 


+ 

+ 

+ 

0 

« { 

+ 

+ 

! 

+ 

1 

+ 

+ 

0 

.5 { 

+ 




+ 

+ 



+ 



+ 

+ 


« ( 


+ 


1 

1 

+ 

+ 


+ 

1 


1 

+ 

1 


1 


+ 


1 

+ 

+ 


2 


+ 



+ 

+ 


3 


+ 



+ 

+ 


4 





+ 

+ 


5 


+ 



+ 

+ 


6 


+ 



+ 

+ 


7 


+ 



+ 

+ 


8 


+ 



+ 

+ 


9 


+ 



+ 



10 


+ 



+ 

+ 



In 4 of these the rate of blood flow was ttnchanged during regular 
tachycardia and there was no pulse defiat In the other two the rate 
of blood flow was decreased dunng this rhythm but a pulse defiat 
occurred In short then, whenever the rate of blood flow decreased 
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m these eipenments, whether m regular or irregular rhythms, a pulse 
defiat ocoirred (table 3) 



c 


Fio 5 Electeocasdiogeaus (Lead n) Aee Shown Obtained rsoit Doo 12 

a was made dunng the normal rhythm, b dunng auncular fibrillation and c 
at the end of the fibrillatoiy period The return to the normal rhythm la ahowm 
In curve b all of the I’entncular beats ore efiectrie while m o and other portions 
of the record there is an occasional pulse deficit The curves are reduced to two- 
thirds of their natural size 

DISCUSSION 

We have shown m these experiments that whenever a decrease 
in rate of blood flow occurred a pulse deficit was found to be present 
The pulse dcfiat cannot, however, be the only factor involved, for m 
many instances when it was found, the number of beats which were 
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elTcctivc WAS still as large as during the normal slower rate In dog 
12 for instance (table 2, fig 5) all the beats were effective m long 
stretches of the record, while here and there only a small pulse defiat 
occurred We have no explanation to offer for this phenomenon, 
that is to say, the effectiveness of a certam number of beats at certain 
times and the ineffectiveness of the same number at others In other 
cases not only were some beats wholly ineffective but there was also a 
vanation in the degree of effectiveness of mdividual beats, as ob- 
scrv^cd in differences in the cxcusion of the femoral pulse from beat to 
beat (figs 2, 4 and 5) The inference which we draw on the nature of 
the influence of pulse defiat on rate of blood flow is that the mtra- 
ventncular pressure developed during cardiac systole was either not 
great enough to open the aortic valves at all (pulse defiat) or was only 
suflicient to open the valves and to expel a small amount of blood, 
so that the net result so far as the propulsion of blood is concerned was 
a decrease Wc do not know what factors were responsible for the 
decreased effectiveness of the beats Among possible ones there may 
have been in the first place rapid rate combmed wnth decreased ven- 
tncular filling, due to shortening of the diastolic penod, and on this 
account decreased flow and output (8) In the second place, as we 
have preinously showm (9), dilatation of the heart may have occurred 
sometimes to the extent that the muscle fibers attained a length 
greater than optimal so that the heart began to fail in output In 
the third place, continuous rapid rates may have brought on a state of 
fatigue associated perhaps with a fall in aortic pressure, consequent 
decrease in the rate of coronary artery flow, followed by undemutn- 
tion of the muscle and decrease m contractile function What part 
each of these factors played in the net result naturally cannot be 
estimated 


SUMMARY 

The rate of blood flow and pulse defiat have been correlated m 
artifically induced regular and irregular tachycardia m normal un- 
anesthetized dogs It was found that 

1 During rapid auncular fibrillation the rate of blood flow was 
decreased and a pulse deficit was present 
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2 During regular tachycardia there was no pulse defiat when the 
rate of blood flow was unchanged, but a pulse defiat was present nhen 
the rate of blood flow was decreased 

3 We have shown, what we supposed was the case, namely, that 
there is a positive correlation between rate of blood flow and pulse 
defiat 


CONCLUSIONS 

In spite of the correlation which exists between pulse defiat and 
rate of blood flow in these expenments, there need be and there prob 
ablv IS no causal relation between them Rather they both may occur 
as the result of the presence of one or more other factors such as de- 
creased fillmg time, decreased aortic pressure and cardiac dilatation 
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effective was still as large as during the normal slower rate In dog 
12 for instance (table 2, fig 5) all the beats were effective in long 
stretches of the record, while here and there only a small pulse defiat 
occurred We have no explanation to offer for this phenomenon, 
that IS to say, the effectiveness of a certam number of beats at certam 
tunes and the meffectiveness of the same number at others In other 
cases not only were some beats wholly ineffective but there was also a 
vanation m the degree of effectiveness of mdmdual beats, as ob- 
served m differences m the excusion of the femoral pulse from beat to 
beat (figs 2, 4 and 5) The inference which we draw on the nature of 
the influence of pulse defiat on rate of blood flow is that the mtra- 
ventricular pressure developed dunng cardiac systole was either not 
great enough to open the aortic valves at all (pulse defiat) or was only 
suffiaent to open the valves and to expel a small amount of blood, 
so that the net result so far as the propulsion of blood is concerned was 
a decrease We do not know what factors were responsible for the 
decreased effectiveness of the beats Among possible ones there may 
have been m the first place rapid rate combmed with decreased ven- 
tricular filhng, due to shortening of the diastohc penod, and on this 
account decreased flow and output (8) In the second place, as we 
have previously shown (9), dilatation of the heart may have occurred 
sometimes to the extent that the muscle fibers attained a length 
greater than optimal so that the heart began to fail m output In 
the third place, contmuous rapid rates may have brought on a state of 
fatigue associated perhaps with a faU in aortic pressure, consequent 
decrease m the rate of coronary artery flow, followed by undemutn- 
tion of the muscle and decrease m contractile function What part 
each of these factors played in the net result naturally cannot be 
estimated 


StlMMAJlY 

The rate of blood flow and pulse defiat have been correlated m 
artificaUy mduced regular and irregular tachycardia m normal un- 
anesthetized dogs It was foimd that 
1 Dunng rapid auncular fibrillation the rate of blood flow was 
decreased and a pulse deficit was present 
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2 Dunng regular tachycardia there was no pulse defiat whei 
rate ol hlood flow was unchanged, but a pulse defiot was present i 
the rate of blood flow was decreased 

3 We have shown, what we supposed was the case, namely, 
there is a positive correlation between rate of blood flow and ] 
defiat 


CONCLUSIONS 

In spite of the correlation which exists between pulse defiat 
rate of blood flow m these experiments, there need be and there j 
ably is no causal relation between them Rather they both may c 
as the result of the presence of one or more other factors such a 
creased filling time, deaeased aortic pressure and cardiac dilatatu 
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In preceding papers (1, 2, 3) we have reported observations upon 
the rate of blood flow m regular and irregular tachycardias in normal 
unanesthetized dogs In those experiments the values for the relative 
blood flow were obtained by calculatmg the ratio of the oxygen 
removed from each hter of blood by the tissues dhrmg the arUfiaal 
rhythm to the oxygen removed during the normal rhyt hm , the ratio 
dunng the normal period being placed at 100 We did not estimate 
the oxygen consumption because of the reaction of untramed unan- 
esthetized animals to the procedures used m measuring it We did 
not wish to anesthetize the anunals because of the secondary changes 
that accompany anesthesia Because of the undesirable effect of 
morphine on the respiration and m slowing the heart rate we deaded 
against its use 

We have also performed a few experiments on trained unanes- 
thetlzed dogs In these we have been able to measure the oxygen 
consumption and calculate the minute volume output of the heart 
(Pick’s method) The results m these experiments agreed so closely 
with the calculations made of the relative blood flow that it seemed 
useless to accumulate a larger amount of data on the mmute volume 
output of the heart under these conditions than is here presented 

METHODS 

AU the dogs were trained to breathe in a Benedict spirometet before they were 
used in these eipenmenta for 20 to 30 minutes a day for 10 days to 2 weeks At 
the end of this time they lay quietly on the board during metabolism tests without 
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emotional disturbance It was possible to decide at the first or second tnal 
whether a given dog was apt to be satisfactory and we continued to tram only 
those showmg evidence of bemg adaptable The rubber descnbed by 

51alock was used and found to be satisfactory (4) 

After the dogs were sufficiently tramed they were operated on m order to sew 
wire electrodes to the nght auncles as previously descnbed (1) Twenty-four 
hours after this prehmmarv operation the heart was stimulated through these 
electrodes and the efiect of the mduced rhythm on the cardiac output studied 
The dogs were m a basal metabohc state on the day of the experiment and lay 
quietly on the board without anesthesia Samples of artenal blood were drawn 
from a femoral artery and those of mixed venous blood from the nght ventncle 
by means of a special cannula mserted mto that chamber through the nght external 
jugular vem (5) The oxygen content of these samples was estimated by the 
V an Slyke and Neill manometnc method (6) The difference between the oxygen 
content of the artenal and of the mixed venous blood gives the amount of oxygen 
removed from the blood by the tissues or, from the pomt of view of the lesser 
arculation, the amount of oxygen taken up by the blood m passmg through the 
lungs Immediately after the blood samples were drawn the oxygen consumption 
wasmeasured with a Benedict spirometer equipped wth a graphic recordmg drum. 

Data were therefore at hand for calculating the mmute volume output of the 
heart according to the pnnaple of Fick (7) ' 

Cubic centimeters of oxvgen consumed per mmute ,,, , 

; ; ; — — — — = Cubic centimeters of blood passmg 

Amount of oxygen absorbed by 1 cc of blood m 

passmg through the lungs 

Estimations of the cardiac output were made dunng the normal control penod 
and agam 60 mmutes after the onset of artificial fibrillation of the auncles and 
while this was still present Electrocardiograms and simultaneous pulse tracings 
were taken at the time the cardiac output was measured m order to be certam of 
the rhvthm then present as well as to calculate the ventncular rate and pulse 
deficit (3) 

In 4 dogs we have measured the volume output of the heart dunng the normal 
rhythm and dunng auncular fibrillation In one dog we have observations as 
well dunng regular tachycardia As before, faradic current was used to brmg on 
auncular fibrillation (1) and rapidly repeated single mduced break shocks to 
institute regular tachycardia (2) 

OBSERVATIONS 

The effect of auncular fibrillation on the oxygen consumption The 
oxygen consumption remamed constant throughout these experiments 
The change varied between a 2 per cent mcrease and an 8 per cent 
decrease, only one dog (dog C) showmg a change of this magnitude 
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TAfiLE 1 

The cardiac oulpui in dog E durmg regular tachycardia and auncutar Jibrillalton 


338 


cardiac irregitlarity 


raoij nopdnms 
-noa a99iCzo u] sStnrq^ 

1 

^8 11 + 

uonupnrqs 
njpS ?S9J JO noqBJTlQ 

hours 

1 

(UTElSotpJ^O 
-01^3913) ai-CI IIWH 

fer 

mmule 

ISO 

390 

150 

360 

ooprpinrps jo noi^BJnd 

^5 3 S 

ea ^ ^ 

Rhythm 

s=^ 

« :z « 

Oisatura 

tioa 

snouoA p93ni^ 

es S3 

jnuojiY 

per 

cent 

97 8 
100 0 

93 4 
92 7 

l^listKlroJo 

mJf 

10 42 

10 34 

11 03 
11 22 

indino m atvsiMa 

per 

cent 

28 

22 

40 

JO jirw JM ?najnQ 

per 

cent 

100 

72 

78 

60 

o^natm 

J9d jndjno DnpjB^ 

O O cs 

Q fO ^ 

5 ^ X ^ ^ 

rvT ^ ^ 

nopdumsnoo nsSXio 

o o o o 

e ^ ro 

86 2 2 2 2 

,9009 

-jajffrp snonoA orjovv 

Ifec ^ ^ « 

*1 5{ »o 00 2 

MOp pOO^q m 9SC9J09Q 

^6 ?5 CS 

JO 3093 J9d MO0 pOO|a 

per 

cent 

100 

72 

79 

59 

poojq JO J9iq 
q3B9 moij poAomoixQ 

mil 

2 88 
3 99 

3 64 

4 82 

Oj content 

StU>09A p95q^ 

® t'-. VO VO »0 

jru93iv 

O' O' o 

04 ^ CO *0 

5 o o 2 2 

Time With 
reference 
to sllmu 
iation 

Before 

During 

Before 

Dunng 

Weight 

E 

•a 

«qnina 9oq 



"S 

u 

s 

s 

a 

o 

'a' 

o 

a 


'p. 

a 

s 

tlO 


o 

a 

a 

a 

o 

E 

a 

a> 

5 

5 

E 

S 

o 

s 

CS « 
<N w 

-Q S 

1 g 
'%<=> 
a s 

a 2 

a ^ 
■O S 

I s 

o 


^ o 

j3 « 

1 ^ 
S3 tc 

IJ 

-a S 
g S3 
S E 

a I 

C?R 


from the arterial and mixed venous oxygen contents respectively 
t In this column + indicates increase and — decrease 
§ N R = normal rhythm 
II A N R = artificial normal rhythm 
II A F = auricular fibnllabon 
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Fio 1 The Ettect ot Aueiculae Fibriuatiok upok the Cabduc Out p u t 
AND Oxygen Covsumption in Dog B Is Indicated 
GRAP incAix\ IN This Figure 

The change in cardiac output is compared with the relative blood flow During 
the normal rfiythm they ore both represented by 100 per cent and the lines com 
dde. During auncular fibrillation the cardiac output Is decreased to 71 per cent 
of Its initial value, while the relative blood flow fell to 73 per cent of its initial flow 
The difference between these two is only 2 per cent 
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(table 1) These vanations are well within the limit of error mvolved 
m this method of measurmg the oxygen consumption 

The effect of auricular fibnllaiwii on the cardiac output per minute 
There are observations on 4 dogs In all there was a decrease m the 
cardiac output per mmute below the level found durmg the normal 
rhythm The decrease vaned between 22 and 29 per cent of the 
initial output (table 1) The ventncular rates durmg the normal 
rhythm ranged from 160 to 200 per mmute and durmg auncular 
fibrillation between 310 and 340 Durmg the normal rhythm a pulse 
defiat was not present, while durmg auncular fibrillation it vaned 
between 130 and 210 per mmute 

Comparison of the effect of auneular fibrillation and regular tachycardia 

on the cardiac output 

In dog E (table 2) the cardiac output was measured durmg regular 
tachycardia as well as durmg auncular fibrillation The oxygen 
consumption remamed constant, there was a 2 per cent deaease and 
1 per cent mcrease The cardiac output m this dog deaeased 28 
per cent durmg regular tachycardia of 390 per mmute After a short 
rest penod the cardiac output mcreased shghtly toward normal 
Then, when auncular fibrillation was mstituted, the cardiac output 
decreased to 40 per cent below the initial value This dog belongs 
to the small group of dogs m which the rate of blood flow was found to 
deaease durmg regular tachycardia (2) 

A comparison of the changes in the relative blood flow and the cardiac 
output during auncular fibrillation and regular tachycardia 

There is close agreement between the changes m relative blood flow 
and the percentage changes m the mmute volume output of the heart 
m these expenments In dog B the cardiac output was deaeased from 
1716 cc per mmute durmg the normal rhythm to 1220 cc per mmute 
durmg rapid auncular fibrillation (fig 1), that is to say it fell to only 
71 per cent of the normal output The relative blood flaw durmg the 
penod of auncular fibrillation was 72 per cent of the flow durmg that 
of the normal rhythm There was agreement, therefore, between 
the two measurements, the cardiac output and relative blood flow to 
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■mthm 2 per cent The decreases m the relative blood flow m these 
dogs ranged from 15 to 41 per cent, the decreases in cardiac output, 
from 22 to 40 per cent (tables 1 and 2) Por any one dog the two 
agree withm 2 per cent in all mstances except one , m this one (dog C) 
the difference ivas 7 per cent This is withm the hrmt of error of the 
methods for only changes greater than 10 per cent have been con- 
sidered significant 


DISCUSSION 

The measurements of relative blood flow m these experiments agree 
with the changes m cardiac output whenever this was actually 
measured The estimations of the relative blood flow were based 
on the assumption that the metabohsm of the dogs (oxygen consump- 
tion) rcmamed constant dunng the period of the experiments We 
put this to test, we measured the oxygen consumption m these animals 
durmg the artifiaol rhythms and found that it remained constant 
The assumptions made m the precedmg papers (1 , 2 and 3), therefore, 
that metabolism remained constant and that the changes which we 
observed nere due to changes m rate of blood flow and not to changes 
in tissue metabohsm, were therefore correct, and our mferences based 
on these assumptions are probably vahd 

From these experiments we gam no further insight mto the mech 
amsm which is responsible for the decreased cardiac output or de- 
creased rate of blood flow m auricular fibrillation This subject has 
been discussed in another paper (3) 

SUMMARV 

We have measured the cardiac output of normal unanesthetized 
dogs dunng auncular fibnllation and dunng regular tachycardia and 
found that 

1 Under the conditions of these experiments the oxygen consump 
tion of the dogs remams constant This is true whether the natural 
normal rhythm is present or whether it is that of arttfiaal auncular 
fibrillation or regular tachycardia 

2 The cardiac output of the heart per mmute is less dunng rapid 
auricular fibnllation than it is dunng the normal slower rhythm 
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3 The estimations of the relative blood flow were found to run 
parallel with the changes m cardiac ouput measured by the method of 
Pick durmg artificial auricular fibrillation and regular tachycardia 
as well as durmg the natural normal rhythm 

CONCLUSIONS 

1 The heart is less effective m the propulsion of blood durmg rapid 
auricular fibrillation than it is durmg the normal slower rhythm 

2 Since the oxygen consumption remains constant m these ex- 
periments, calculations of the relative blood flow m experiments 
earned out m a similar manner are vahd and the conclusions at which 
we have previously amved from such data are vahd 

BIBLIOGRAPHY 

1 Stewart, H J , Crawford, J Hamilton, and Hastings, A B , J Clin Invest , 

1926, ui, 435 The Effect of Tachycardia on the Blood Flow m Dogs I 
The Effect of Rapid Irregular Rhythms as Seen in Auricular Fibrillation 

2 Stewart, H J , and Crawford, J Hamiton, J Clin Invest , 1926, m, 449 

The Effect of Tachycardia on the Blood Flow m Dogs II The Effect of 
Rapid Regular Rhythm 

3 Stewart, H J , Crawford, J Hamilton, and Gilchrist, A R , J Chn Invest , 

1928, v, 31 7 Studies of the Effect of Cardiac Irregulanty on the Cuculation 
I The Relation of Pulse Deficit to Rate of Blood Flow m Dogs Subject to 
Artificial Auncular Fibrillation and to Regular Tachycardia 

4 Blalock, A , J Lab and Clm Med , 1927, xu, 378 A Rubber Mask for De- 

termmation of Oxygen Consumption 

5 Stewart, H J , J Biol Chem , 1925, Ixn, 641 The Oxygen and Carbon 

Dioxide Contents of the Arterial and Mixed Venous Blood m Normal In- 
tact Dogs 

6 Van Slyke, D D , and NeiU, J M , J Biol Chem , 1924, Ixi, 523 The De- 

termmation of Gases m Blood and Other Solutions by Vacuum Extraction 
and Manometnc Measurement I 

7 Fick, A , Verhandl d Wttrzb physikal -med GeseUsch 1870 N F u 

S xvi der Sitzungsber Ueber die Messung des Blutquantuins m der 
Herzventnkeln 



CLINICAL STUDIES ON THE VELOCITY OF BLOOD FLOW 


DC The Potmonahv Circhlation Time, the Velocit\ of Vehohs 
Blood Flow to the Heart, and Related Aspects of the 
C mcHLATioN IN Patients with Cardiovascdlar Disease' 

Bv HERRMANN L BLHMGART A»tD SOilA ^VEISS 

{From the Thomdtkt ifemeruU LahoraUrry Boston City Eospitol, and the Department of 
Ifedicine, Samrd Medical Schoot) 

{Rccd\td for publication October 11 1927) 

Introduction 

This paper presents the first study of the pulmonary circulation 
time m cardiovascular disease, and its relation to the veloaty of venous 
blood flow m the arm, to the vital capaaty of the lungs, to the artenal 
and venous blood pressures, and to the clmifal symptoms and signs 
The early occurrence of dyspnea and the early reduction of vital 
capaaty are among the first disturbances m cardiac failure and 
mdicate early changes m the dynamics of the circulation of blood 
through the lungs The physiological and pathological importance of 
the pulmonary blood flow has consequently always attracted con- 
siderable mterest but, until now, the pecuhar maccessibflity of the 
pulmonary vessels has necessitated recourse to animal experimentation 
for direct observations Unfortunately, however, such experiments 
reproduce but imperfectly and crudely conditions comparable to 
climcal cardiovascular disease. In man, on the other hand, only 
indirect observations have been possible by measurements such as the 
pulmonary mmute volume flow according to the pnnaple of Ficke 
Such observations arc unsatisfactory m the presence of d>’spnea and 
demand considerable coSperation on the part of the patient 
In preceding commumcations (1) (2) (3) the time of the circulation 
from the right antecubital vem to the left antecubital artery was 

■ This mvestigation was aided by a grant from the DeLamat llobde Research 
Fund of Harvard University 
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Studied m patients with cardiovascular disease Such an “arm to 
arm arculation time” is a rather complex expression of the penpheral 
arm blood flow as well as of the central pulmonary blood flow By 
means of the technique described m precedmg commumcations (4) 
(5), measurement of the time of arrival of the active deposit of radium 
m the nght chambers of the heart has become possible The time 
that elapses between the mjection of the active deposit mto the ante- 
cubital vem and the amval of the active deposit m the right chambers 
of the heart has been termed “the arm to heart time” for it is a measure 
of the veloaty of the venous blood of the arm to the heart The 
time that elapses between the arrival of the active deposit of radium 
m the right chambers of the heart and its arnval m the artenes about 
the elbow of the arm may be called “the crude pulmonary arculation 
time ” Although the “crude pulmonary arculation time” mcludes 
the time of transit of the active deposit from the heart to the ante- 
cubital artenes, the veloaty of artenal blood flow, particularly in 
vessels as large as the aorta, the subclavian, and brachial artenes, is 
conspicuously rapid and must be relatively short compared to the 
actual pulmonary circuTation time For practical purposes the crude 
pulmonary circulation time provides an estimate of the velocity of 
blood flow through the lungs Consequently it seemed desirable to 
study the pulmonary and the arm blood flow m cardiovascular disease 
and their relation to the other aspects of the circulation above ated 
As m a previous commumcation, the patients have been grouped ac- 
cordmg to the etiology of their cardiovascular disease m order to 
learn whether the sequence of events m the development of cardiac 
failure differs accordmg to the etiology and accordmg to the corre- 
spondmg types of lesions produced 

Method 

The procedures employed were those described in precedmg studies 
(4) (5) on the pulmonary circulation time m normal restmg individuals 
The conditions of the tests were identical except that m some patients 
with circulatory msuffiaency shghtly larger amounts of active deposit 
of radium (8 to 10 milhcunes) were injected In brief, venous pressure 
was measured directly by the vempuncture method of Montz and 
Tabora, the vital capaaty, by means of a Colhns spirometer The 
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veloaty of blood flow was measured by mjectmg small amormts of 
active deposit of radium mto tbe antecubital vems of the nght arm 
and detectmg the tune of arrival first, m the nght chambers of the 
heart, and later, m the antecubital artenes about the elbow of the 
left arm. 

As previously pomted out, the advantages of the method are as 
follows (1) a quantitative and objective measurement of a funda- 
mental and hitherto unstudied aspect of the circulation is made 
feasible, (2) no coSpieration on the part of the patient is necessary, 
(3) the substance mjected is non tovic m the amounts utilized, (4) 
measurements can be repeated after three hours, (5) the veloaty of 
the pulmonary flow can be estimated for the first time m man, ( 6 ) 
the vanabflity of the penpheral capillary circulation is largely ob- 
viated, and (7), smce with the amval of the active deposit in the ante- 
brachial arteries, the radiations from the active deposit automatically 
cause registration of the time of amval, withdrawal of blood is not 
necessary The method also possesses certam hmitations The 
‘‘circulation tune” expresses the time necessary for the transit of the 
fastest particle through the shortest path and does not directly 
measure the mean veloaty That such a ‘‘circulation time” is 
closely related, however, to the mean veloaty, at least m normal 
mdividuals, is borne out by considerations discussed elsewhere. 

The mterval between the moment of mjection and the time of 
amval of the active deposit m the nght auncle is called ‘‘the arm to 
heart time ” The tune required for the active deposit to travel from 
the nght auncle to the antecubital artenes is termed ‘‘the crude 
pulmonary circulation time " By applymg a standard correction of 
4 3 seconds based on other measurements secured by us m the same 
normal mdividuals, the actual pulmonary circulation tune was esti- 
mated (S) In 112 normal persons, the average arm to arm arcula- 
tion time was 17 5 seconds In 58 normal persons, the arm to heart 
tune averaged 6 6 seconds, the crude pulmonary orculation time, 
10 8 seconds, and the actual pulmonary circulation tune, 6 5 seconds 
The arm to arm circulation time of some of the patients mduded m 
this study has been utilized m precedmg commumcations (3) (4) 
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I THE PULMONARY CIRCULATION TIME, THE VELOCTTY OP VENOUS 

FLOW TO THE RIGHT AURICLE, AND THEIR RELATION TO OTHER ASPECTS 

OF THE CIRCULATION IN PATIENTS WITH RHEUMATIC HEART DISEASE 

Rheumatic infection of the heart causes its senous effects m at least 
three ways (1) by mvasion of the myocardium, (2) by deformation 
of the valves, f3) by producmg conditions favorable for the occurrence 
of auricular fibnllation In order to learn the relative importance of 
these factors m affectmg the veloaty of blood flow through the lungs 
and of the venous blood to the nght auricle, patients with rheumatic 
heart disease (table 1) have been grouped in three classes 

A Patients after acute rheumatic fever but without evidence of valvular 

damage 

The two patients, F D (no 292) and G (no 267), represent the 
immediate and the very late effects of myocardial mvolvement un- 
comphcated by any demonstrable effect on the valves or on the 
rhythm F D (no 292), who had recovered from acute rheumatic 
fever but one week previously, showed a normal pulmonary circulation 
time, a normal velocity of venous blood to the nght auncle, a normal 
vital capaaty, normal venous and artenal blood pressures, and a nor- 
mal electrocardiographic traang G (no 267), on the other hand, 
although he showed neither evidence of valvular damage nor dis- 
turbance of rhythm, had been troubled by increasmg dyspnea for four 
months and by orthopnea for three weeks He showed arapidventnc- 
ular rate, squeakmg rhonchi over the bases of the lungs, and a lowered 
vital capacity The pulmonary circulation time was defimtely pro- 
longed (twenty-four seconds) while the veloaty of venous blood to the 
nght auncle was withm the limits of normal (seven seconds) In this 
mstance, the rheumatic damage was confined to the myocardium 
while the valves, accordmg to chmcal evidence, were unmvolved 

B Patients with rheumatic valvular heart disease with regular rhythm 

Of the eight patients m this group, the first seven showed pulmonary 
circulation times withm normal limits It should be emphasized that 
with the exception of patient R F (no 363), who became dyspneic 
only on walking up one flight of stairs, none of these seven patients 



TABLE 1 

The pulmonary arculaJten Hme iht arm to heart time and their relatum to other aspects oj the arcitlaJlon in patients with 

rheitmoitc heart disease 



258 Stptanbcr30 1926 D S 

324 December 7, 1936 SC 

265 October 19, 1926 S C 

406 April 6, 1927 EG 

358 Febraaiy 9, 1927 IL if 












































348 


STUDIES ON THE VELOCITY OF BLOOD FLOW 


had had S 3 miptonis or signs of arculatory insufficiency in spite of 
some havmg cluneal evidence of advanced valvular lesions Patient 
P G (no 369), on the other hand, showed symptoms of circulatory 
msuffiaency at the time of test, and his pulmonary circulation time 
was prolonged In the first seven patients m whom the circulation was 
chmcally entirely compensated, the venous pressure averaged 8 3 cm 
of water (average normal 7 3) , the vital capaaty of the lungs 2278 
cc per square meter of body surface (average normal 2376 cc), the 
arm to heart time, 7 5 seconds (average normal 6 6 seconds) , and the 
crude pulmonary arculation time 10 4 seconds (average normal 10 8 
seconds) It should be noted that the measurements on these 
patients comade within the limit of error to the values found m a 
larger group of normal individuals 

The pulmonary circulation times found m the first seven patients 
demonstrate that in spite of unquestionable evidence of valvular 
deformity, the myocardium may be capable of mamtainmg a normal 
speed of blood flow through the lungs The absence of previous 
symptoms and signs of circulatory msuffiaency, the practically normal 
venous pressure, and the normal vital capacities of the lungs are m 
accord with the normal speed of blood flow 

C Patients with rheumatic valvular heart disease with fibrillation of the 

auricles 

The venous pressure m the four patients in this group averaged 
14 1 cm of water (average normal 7 3 cm ) , the vital capaaty, 1088 
cc per square meter of body surface (average normal 2376 cc ), the 
arm to heart time, 12 5 seconds (average normal 6 6 seconds) , and 
the crude pulmonary circulation time, 21 6 seconds (average normal 
10 8 seconds) 

The pulmonary circulation times of these patients were, m all cases, 
more prolonged than m the presence of group B with regular ventricu- 
lar rhythm, and it should be noted that, likewise, aU the patients 
with auricular fibrfllation had suffered from severe circulatory de- 
compensation and showed at the time of test symptoms or signs of 
congestive failure Comparison of the measurements with the chm- 
cal summaries shows that m each patient the aim to heart time, the 
pulmonary cuculation time, and the vital capaaty of the lungs cor- 
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responded closely to the degree of circulatory compensation whereas 
the venous pressure vaned considerably 

Measurements 265 and 324 are of interest smce they were performed 
on the same patient S C almost six weeks apart. BQs condition, 
accordmg to dimcal signs and 83imptoms, accordmg to the vital capac- 
ity, and to the pulmonary circulation tune, was approximately the 
same at the time of both tests This is m harmony with our general 
expenence that the veloaty of Wood flow parallels, m general, the 
degree of crrculatory competence and as such provides an objective 
mdei of the degree of crrculatory compensation 

Discussion 

The patients of groups A, B, and C show, so far as it is possible to 
differentmte them dimcaUy, (1) the effects of rheumatic fever without 
evidence of valvular damage or disturbance m rhythm, (2) the effects 
of rheumatic fever with deformation of the valves, and (3) the effects 
of rheumatic fever on the velocity of blood flow when, m addition to 
the valvular deformity, fibrillation of the auncles is present 

A consideration of the foregomg data emphasizes the importance of 
myocardial damage smce the velocity of blood flow throng the lungs 
may be senously slowed even without chmcal evidence of valvular 
damage On the other hand, if the myocardium is less affected the 
veloatv of blood flow may be normal though the rmtral or aortic 
valves are senously damaged 

The two patients of group A tj'pify the cardiovascular effects of 
rheumatic fever m the absence of valvular damage or disturbance m 
rhythm The somewhat increased pulmonary blood veloaty m patient 
F D (no 292) corresponds to our findmgs in the arm to arm blood 
veloaty soon after the chmcal subsidence of the rheumatic infection 
but before evidence of valvular damage appears As was then pomted 
out, (1) the somewhat mcreased veloaty of the blood stream conforms 
to the other chmcal evidences of cardiac hj'pcractivity such as forable 
precordial pulsation, rapid ventncular rate, and flushed skm Whether 
such patients always mamfest mjocardial damage later cannot be 
stated from our observations, although chmcal expenence suggests 
that the heart muscle may frequently escape any evident change 
Accordmg to the findmgs in patient G (no 267) the myocardium 
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may be severely damaged without evidence of valvular deformity 
for, although the peripheral flow from the arm to the nght aunde was 
within the limits of normal, the veloaty of blood flow through the 
lungs was greatly slowed The vital capaaty was hkewise reduced 
while the venous pressure was within normal limits 

The findmgs m the patients of group B mdicate that generally myo- 
cardial mvolvement is less than that m patient G (no 267), for m 
seven of the eight patients studied, m spite of the additional work 
demanded of the myocardium because of valvular deformity, the heart 
musde was able to mamtam a veloaty of pulmonary blood flow within 
the limits of normal 

The patients of group C showed fibrillation of the aundes m addi- 
tion to the valvular damage, and as might have been expected, the 
reduction of the veloaty of blood flow was m general greater Whether 
this slowing IS due to the disturbance m rhythm or whether such slow- 
mg simply tends to occur m the more severely damaged hearts wiU be 
discussed m a later commumcation 

The slowmg of the blood flow through the lungs early m circulatory 
failure m rheumatic valvular heart disease may well be due to maeased 
pressure m the pulmonary vessels With msufi&aency of the mitral 
value and cardiac insuffiaency, Straub (6) has shown that the left 
mtra-auncular pressure nses and, m some eiqienments, also the pres- 
sure m the pulmonary artery and right aunde Under such circum- 
stances an maeased amount of blood may be accommodated m the 
readily distensible pulmonary vessds The resultmg maease m total 
aoss sectional diameter of the flowmg stream would tend to cause a 
reduction m veloaty if unattended by a proportionate maease m the 
volume flow 

The first seven patients of group B showed the signs of imtral m- 
suffiaency, and, with the exceptions of K N (no 287) and F M (no 
338), the signs of mitral stenosis With regurgitation of part of the 
left ventncular contents at each systole and with narrowmg of the 
mitral orifice, the fillin g of the ventnde by the left aunde is hmdered 
Accordmg to Komfeld (7), the total quantity of the blood m the lungs 
IS mcreased and the mmute volume flow and blood veloaty are dimin- 
ished under such arcumstances Straub (8) workmg with a heart- 
lung preparation also observed a nse m the left mtra-auncular pressure 
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but found no increase in the nght auncular or mtra-ventncular pres- 
sure. On the contrary, the maximal right ventricular pressure ap- 
peared to decrease Similar results were obtamed by Gerhardt (9), 
who beheved that m compensated valvular lesions excess accumula- 
tion of blood IS accommodated m the pulmonary veins 
The findmg of normal pulmonary circulation times and arm to heart 
tunes m two patients, K- N (no 287) and F M (no 338), who showed 
the clmical signs of nutral insufBaency and m five patients (nos 376, 
340, 363, 368, 283), who showed, m addition to mitral msufiiaency, 
the signs of rmtral stenosis, favors the hypothesis of Straub and Ger- 
hardt that in man dilatation and hypertrophy of the left auncle ac- 
commodates the regurgitated blood and forces the increased amount 
through the narrowed rmtral orifice without slowmg the time of blood 


TABLE 1 

Afcrafu ^ findlnts in paiunts of iroups B and C vith rhfumaitc nifular duease 



BtfaUi Ajrtlua 

AttHcukr fiMIUUoD 

Arm to heart time 

9 seconds 

12 seconds 

Pulmonary drcuUtloD time (crude) 

12 seconds 

26 seconds 

Venous pressure 

9 cm, water 

14 cm water 

Vital capadty per square meter 

2 068CC. 

1 704 cc. 


flow Only when the auncle becomes mcompetent does engorgement 
of the pulmonary vessels occur with retardation m the pulmonary 
blood flow 

The general decrease in veloaty of blood flon through the lungs m 
patients with auncular fibrillation (table 2), is probably due to several 
causes The occurrence of auncular fibrillation may well be on 
expression of more profound myocardial damage Although in ar- 
tenosclerotic patients with auncular fibrillation we have noted occa 
sionaUy but shght reduction m the veloaty of blood flow, blood can flow 
far more easily from auncle to ventncle m such patients than m those 
whose nutral valve is stenosed In the latter, auncular systole may 
assume a r61e of greater importance than it does normally IVith 
paralysis of the auncle, however, blood flow from auncle to ventncle 
depends solely on the difference in pressure Under these arcum- 
stanccs and espeaally when the mitral orifice is narroi\-ed and the 
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length of (hastole is Curtailed by the rapid and irregillar ventncuar 
rate, adequate ventricular filling becomes difficult The importance 
of the r61e of the auncle in mitral stenosis is evidenced by hypertro- 
phy of the auricular muscle and of the right ventricle as well as by the 
accentuation of the pulmonic second sound 

n THE PULMONAHY CrRCULATION TIME, THE VELOCITY OE VENOUS 
BLOOD ELOW AND EELATED ASPECTS OE THE CIRCULATION 
IN PATIENTS WITH SYPHILITIC HEART DISEASE 

Eleven measurements of the pulmonary circulation time and re- 
lated aspects of the circulation were made m eight patients The 
venous pressure of all the subjects m this group averaged 10 5 cm of 
water (average normal, 7 3 cm ) , the vital capaaty, 1412 cc per 
square meter of body surface (average normal, 2376 cc), the crude 
pulmonary arculation time, 19 9 seconds (average normal, 10 8 
seconds) , and the arm to heart tune, 10 0 seconds (average normal 
6 6 seconds) 

Practically aU the patients complained of paroxysmal dyspnea and 
substemal pam, and it should be noted, that although the pulmonary 
circulation times were withm the hmits of normal m patients J P 
(no 240), J C (nos 276, 293, 325), P T (no 326) and T P (no 318), 
the blood flow through the lungs was slower than the normal average 
m all except J P (no 240) The other four patients of this group all 
showed a more conspicuous slowmg of the blood flow through the 
lungs and it should be observed that all had recently suffered conges- 
tive failure, or, at the time of test, showed defimte physical signs of 
circulatory msuffiaency M B (no 316), for example, complained 
of dyspnea on the shghtest exertion, while patients A S (no 271) 
and A J (no 330) showed physical signs of passive congestion The 
crude pulmonary circulation tunes of twenty-six and thirty-three 
seconds parallel the other rli rural evidences of circulatory msufficiency 
The findmgs m patient W H are of interest for the pulmonary circula- 
tion tune was measured on two occasions when, accordmg to physical 
exammation, his condition was imchanged At the time of the second 
test, September 22, 1926, he stated that he felt distmctly better than 
at the tune of the first test, and his pulmonary cuculation tune was 



TADLE 3 

Tht pulmonary circulation time the arm to heart time and thctr rdation to other aspecle of the circalatunt tn paitents vitk syphilitic 

heart disease 
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twenty-two seconds, that it to say, five seconds shorter Tests were 
performed on three different occasions on patient J C (no 276, 293, 
325) At no tune did he show chnical signs of passive congestion 
although he stated that he felt somewhat more dyspneic at the time of 
the third test, when his crude pulmonary time was eighteen seconds 
(four seconds longer than the first) and his vital capaaty was 1005 cc 
per square meter of body surface against 1406 cc and 1434 cc at the 
earher tests 

Dtscusston 

The decrease m the veloaty of blood flow through the lungs m 
patients suffenng from S 3 q)hihtic heart disease parallels the clinical 
evidences of circulatory failure but the slowmg of the blood stream may 
not be as great as that observed m patients with rheumatic heart dis- 
ease and an apparently smnlar degree of cardiac failure The vital 
capaaty m practically aU subjects was considerably reduced, averag- 
mg 1378 cc per square meter of body surface Whether this reduction 
m Vital capaaty is due to engorgement or whether it is due m part to 
reflex spasm, such as m bronchial asthma, cannot be stated from the 
available data 

The venous pressure averaged 9 9 cm of water m the six of the eight 
patients measured Although this average is higher than the normal 
of 7 3 cm , such a small difference is probably not of any significance 
because of the much greater vanabihty of the venous pressure as com- 
pared to the other measurements 

It IS worthy of note that even with slowmg of the blood flow through 
the lungs and with reduction m the vital capaaty, the penpheral venous 
blood flow may be well withm the limits of normal according to the 
measurement of the venous pressure and the veloaty of the venous 
blood from the nght antecubital vem to the nght auncle Exceptmg 
W H (no 243, 239) who had suffered congestive failure shortly pre- 
vious to his tests, and patient A J , who had shght pittmg edema on 
the day of the test, the arm to heart tunes averaged 6 5 seconds (aver- 
age normal, 6 6 seconds), while the crude pulmonary arculation times 
averaged 17 0 seconds (average normal, 10 8 seconds) The absence 
of penpheral edema assoaated with normal arm to heart times sug- 
gests that the difference between so-called '^dry heart failure” and con- 
gestive heart feulure” may be due to differences m the veloaty of the 
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penpheral blood stream This relation between the arm to heart 
tune and the appearance of penpheral edema is not clear m every m- 
stance nor is a close correspondence to be expected smce the arm to 
heart time is an index of the speed of the venous blood flow of the arm 
while the signs of penpheral edema charactensticallv appear elsewhere 
The occurrence of normal arm to heart times m aortic insuffiaency 
IS likewise evidence of the relatively late appearance of fadure of the 
nght chambers of the heart m this form of -valviilar defect It is of 
mterest to observe (table 1) that although the pulmonary arculation 
time m patients mth syphihtic heart disease and regular rhythm 
averaged fi've seconds more (17 0 seconds) than that of patients with 
rheumatic heart disease and regular rhythm, the arm to heart time 
averaged two seconds less This average relative shortenmg of seven 
seconds in the arm to heart tune is in harmony with general clinical 
eipenence The left auncle and ventncle labor under a great handi- 
cap in aortic insuffiaency and seem to give -way sooner than the nght 
chambers, which m the earher stages, are stiU capable of receivmg all 
the venous blood from the penphery and transferring it mto the pul- 
monary vessels This situation contrasts ■with the early stram of the 
nght ventncle m mitral stenosis and insuffiaency Consequently 
penpheral stasis may occur m patients "with mitral stenosis while the 
left ■ventncle is still functionally capable, whereas m patients ■with 
aortic insuffiaency, penpheral stasia is a sign of failure of all the 
chambers of the heart. It is hardly surpnsmg that when m syphflis 
the nght chambers of the heart fad and penpheral edema appears, 
the slowing of the venous blood from the arm to the heart may be fully 
as great as that observed m patients with rheumatic valvular disease 
(patients W H (nos 239, 243), A J (no 330)) This consideration of 
events explains why pulmonary congestion and peripheral stasis occur 
so late m aortic msuffiaenev and why their occurrence is of such grave 
prognostic import. 

in THE PDIilONARY CIRCiriATION TIME, THE 'VELOCm OF VfENODS 
BLOOD AND THEIR RELATION TO OTHER ASPECTS OF THE CIR- 
CULATION IN PATIENTS WITH ARTERIOSCLEROSIS AND UVOCASDIAL 
DEGENERATION 

The pulmonary arculation time, the veloaty of venous blood from 
the antecubital van to the nght aunde, the venous and artenal pres- 
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sures, the vitol capaaty of the lungs, and the clinical signs and symp- 
toms were studied m sixteen patients with generalized artenosclerosis 
and with myocardial degeneration (tables 4 and 8) The venous 
pressure averaged 10 0 cm of water (average normal, 7 3 cm), the 
vital capaaty 1506 cc. per square meter of body surface (average 
normal, 2376 cc.), the arm to heart time, 13 0 seconds (average nor- 
mal, 6 6 seconds) , and the crude pulmonary arculation time, 26 
seconds (average normal, 10 8 seconds) In two patients the circu- 
latory tests were repeated on three different occasions, and m two 
patients, on two different occasions The subjects are divided mto 


TABLE 5 

FaUenis icUb npji of arimosdtrosu totlkout history of cordiac failure and without sttns of 
coniestivo failure 


Teit nraaber 

1 Vlulaptdty I 

Vlul CApAcIty 
per Knare 

1 meter 

PaloMIiATT 
: drtnlalko time 
i (cnde) 

Ana ta he&rt 

1 time 

1 Veiioul 

preeran 



u 



tOoBtO 

371 

3 800 

2,021 

10 0 

5 5 

4 0 

332 

3,300 

2,090 

13 0 

4 5 

5 5 

370 

2 100 

1 591 

14 5 

4 0 

4 0 

319 

3,000 

1,910 

16 0 

5 0 

6 0 

242 

3,750 

2 118 

25 0 

14 0 

-7 0 

A\*erage 

3 190 

1,946 

16 1 

6 6 

2 4 


two groups, one, showmg regular ventncular rhythm, the other, totally 
irregular rhjfthm 

A Patients imth regular ventricular rhythm {table 4) 

As has been pointed out m a previous communcation, the study of 
patients who show arculatory insufBaenty m the absence of valvular 
damage and arrhythmia provides an eicellent opportumty to observe 
the practically uncomphcated effect on the arculation of but one 
factor, myocardial weakness Circulatory tests were made on fifteen 
patients who showed regular ventncular rhythm In two, the 
measurements were repeated once (table 4) These patients fall mto 
three groups. 

Group 1 {table 5) Of five tests on patients with artenosclerosis. 
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but Without history of cardiac failure in whom the circulation was 
compensated on physical exammation, two of the tests (nos 332 and 
319), were on the same individual, several weeks apart In general, 
this group showed a vital capaaty IS per cent less, and a crude pul- 
monary circulation time 49 per cent greater than the average normal 
value found by us m normal individuals, while the venous pressure and 
arm to heart tune were normal 


TABLE 6 


Paltenls complaining of d-jspnta on exertion but Jtamng no signs of congestive failure on 
physical exammation at time of test 


1 

Test number 

Vital capaaty 

Vital capacity 
per square 
meter 

Pubnonarv 
Circulation time 
(crude) | 

Ann to heart 
time 

Venous 

pressure 


CC 1 

CC 


seconds 

cm HiO 

361 

3,650 

2,171 


13 0 

-3 5 

272 

3,150 

1,886 


15 0 

7 5 

389 

3,100 

1,856 


1 11 0 

2 0 

295 

1,550 

1 1,062 


12 0 

3 5 

241 

3,900 

2,038 

32 0 

13 0 

1 5 

Average 

3,070 

1,803 

22 2 

12 2 

2 2 


TABLE 7 

Patients who showed at time of test signs of congestive failure 


Test number 

Vital capacity , 

Vital capacity 
per square 
meter 

Tulmonaiy 
orcuUtloa time 
(crude) 

Ann to heart 
time 

Venous 

pressure 


CC 

CC 


seconds 

cm. Ed) 

284 

2,000 

1,273 


18 0 

3 5 

360 


1,011 


25 5 


341 


523 


22 5 


312 


637 

mmm 

31 0 

■ ■ 

Average 

1,450 

CO 

46 7 

24 2 

13 2 


Group 2 (fable 6) This group showed no signs of decompensation 
at the time of test but had previously expenenced symptoms of arcu- 
latory msuffiaency The vital capaaty was 24 per cent less than the 
normal, the crude pulmonary circulation time was 105 per cent, and 
the arm to heart time 84 per cent greater than the normal, while the 
venous pressure comaded with the normal average 
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Group 3 (fable 7) The group with signs of congestive failure at 
the tune of the test had a vital capaaty 36 per cent of the normal, 
while the crude pulmonary orculation tune and the arm to heart tune 
mdicated a slowmg of the blood flow to approxunately one-fourth nor- 
mal speed The subjects of these tests were of advanced years and so 
the low vital capaaty measurements may reflect the presence of pul- 
monary emphysema as well as of orculatory failure 

In all patients with arteriosclerosis, pulmonary orculation and 
vital capaaty measurements showed departures from normal values 
that generally paralleled the clinical symptoms and signs, although this 
relation did not necessarily hold m each instance In test 241, for ex- 
ample, the vital capaaty was 2036 ca pier square meter of body sur- 
face, while the pulmonary crude orculation tune was 32 0 seconds 

The relation between the appearance of edema and the slowmg of 
the peripheral blood stream mdicated by the arm to heart tune is in- 
terestmg The patients of group 2 without edema had an arm to 
heart tune of fifteen seconds or less, while the patients of group 3 with 
edema showed arm to heart times of eighteen seconds or more This 
suggests, as has been stated, that the appearance of edema is associated 
with slowmg of the peripheral blood stream and that the difference 
between so-called “dry” and “congestive” heart failure may be due to 
differences m the speed of the penpheral blood flow The moderately 
prolonged times found m group 2, assoaated with dyspnea but without 
physical signs of congestive failure, may denote a greater collection of 
blood m, and dilatation of, the pulmonary vesseb, just as occurs m the 
penpheral veins before the pressure begins to nse The normal venous 
pressure assoaated with abnormally slow veloaty of venous blood flow 
and the decrease m the vital capaaty conform to this possibihty The 
appearance of edema probably does not comade with a d efini te degree 
of slowmg of the blood stream for it is also dependent on physico- 
chemical changes which themselves are secondary to dummshed blood 
flow and which are influenced by many other factors 

B Patients with fibrillation oj the auricles (table 8) 

Of the patients who, m addition to signs of generalized artenosclero- 
Eis and myocardial degeneration. Showed complete ventncular arrhyth- 
mia, all had previously suffered congestive failure or showed such signs 
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at the tune of test. The average vital capaaty ivas 2230 cc. lyhich 
when reduced to cubic centunetersper square meter of body surface iTas 
1580 cc. (average normal, 2376 cc ) The average crude pulmonary 
circulation tune was 25 6 seconds (average normal, 10 8), the average 
arm to heart tune -was 12 1 seconds (average dormal, 6 6), the average 
venous pressure 9 0 cm (average normal, 7 3 cm.) These four pa- 
tients did not show as severe circulatory insufficiency as those patients 
with regular rhythm that we happened to studj This general findmg 
as well as the results of test numbers 362 and 411 demonstrate that 
the veloaty of blood flow may be mamtamed at a speed wi th in the 
upper limi ts of normal m spite of the abnormal mechamsm of auricular 
fibrillation 

rv THE PULMONARY CIRCULATION TIME, THE ■VELOCITY OF VENOUS 
BLOOD TO THE HEART, AND RELATED ASPECTS OP THE CIRCU- 
LATION IN PATIENTS WITH ARTERIAL HYPERTENSION 

In these patients (table 9), the venous pressure averaged 14 cm 
of water or 92 per cent greater than the normal average, the ntal capac- 
ity 1784 cc. per square meter of body surface or 25 per cent less than 
the normal, the arm to heart time 9 7 seconds or 47 per cent greater 
than the normal, and the crude pulmonary circulation tune 15 3 seconds 
or 42 per cent greater than the normal The patients have been di- 
nded mto three groups 

Group A These patients exhibited no evidence of orculatory fail- 
ure The veloaty of blood flow through the lungs was 'withm the 
limits of normal although the general average, 12 0 seconds, 'was 
shghtly higher than that shown by a larger senes of normal mdividuals 
(10 8 seconds) It may not be without significance that patient T L 
who showed the most rapid veloaty of blood flow was likewise the 
person whose blood pressure was the lowest. 

Group B The distmct retardation m pulmonary blood -veloaty 
shown by patients m this group m the absence of signs or symptoms of 
circulatory msufflaency at rest or on exertion, as well as the tendency 
toward slo-wmg m the subjects m group A, may be related to back pres- 
sure effects of artenal hypertension on the pressure 'withm the pul- 
monary vessels There IS experimental evidence for this idea Cloctta 
and Staubli (11) found that compression of the thoraac aorta alwajs 
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caused an increased lung volume, and Straub (8) and also Gerhardt, 
(9), likewise observed that mcreased arterial pressure m the greater 
circulation produced an mcrease m the volume of the lesser circulation 
Such an mcrease m the amount of blood m the lungs would lead to 
mcreased cross sectional diameter of the stream of blood flowmg 
through the lungs Slowmg m blood flow with prolongation of the 
pulmonary circulation time must then occur smce the veloaty of flow 
IS mversely proportional to the cross sectional diameter of a stream 
Observations by Weam, Barr and German (12) are m accord with this 
hypothesis, for they observed m animals that slight compression of the 
abdominal aorta caused considerable dilatation of alveolar capClanes 
With such an mcrease m the amount of blood m the lungs a decrease m 
the vital capaaty might also be expected because of diminished lung 
elastiaty Although the vital capaaties of the patients m groups A 
and B averaged 2055 cc per square meter or 86 per cent of the normal, 
mterpretation is ambiguous because of the advanced years of most of 
the patients 

We emphasize these findmgs because they constitute the only m- 
stance m which the circulation was functionally competent m the pres- 
ence of retardation m the pulmonary blood flow veloaty and because 
the mechanism by which this slowmg is produced is of considerable 
physiological mteresL 

As m the precedmg study of the arm to arm veloaty of blood flow, 
we have found that the veloaty of blood flow was never greater than 
the normal This mdicates that maeased blood pressure, which m 
Itself would tend to mcrease the spieed of flow, is opposed by such fac- 
tors as maeased penpheral resistance If cardiac hyperactivity wae 
primary, one would expect to find a stage m which the penpheral resist- 
ance had not as yet mcreased and m which the blood flow was abnorm- 
ally rapid 

Group C consists of patients m whom the slowmg of the blood flow 
was assoaated with the symptoms or signs of circulatory failure. This 
findin g is m accord with our expenence with otha patients suSenng 
from orculatoiy failure with a normal blood pressure The degree of 
slowmg m blood flow was approximately that observed m patients with 
cardiovascular failure of other etiology 

The venous pressures of patients with hypertension showed extreme 
vanabflity with no evident relationship to the degree of passive con- 
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gestion In some patients such as B N (no 307), H M (no 305), 
M P (nos 296, 300), the elevation of the venous pressure was of a 
degree usually associated with chrome passive congestion, whereas 
these patients were free from such signs or symptoms There was no 
relation between the venous blood veloaty and the venous pres- 
sure In H M (no 305), for example, the venous pressure was 
eqmvalent to 25 cm of water, the arm to heart time was 4 seconds, 
whereas m M P (no 300) the venous pressure was equivalent to 17 5 
cm of water while the arm to heart tune was 15 seconds These varia- 
tions m venous pressure, unrelated as they are to changes m the veloc- 
ity of blood flow, may be an expression of the vasomotor mstabflity 
and hypenmtabihty recognized by chmaans That an mcreased 
venous pressure may be assoaated with artenal hypertension m the 
absence of circulatory failure has been observed by others (13) (14) (15) 

It may be thought that because of vasomotor mstabdity patients m 
group A imght at tunes show the more prolonged cuculation tunes of 
those m group B It is of mterest that M P , m whom the veloaty of 
blood flow was measured twice, showed on both occasions prolonged 
circulation tunes 

Summary and Conclusions 

1 Sixty-three measurements of the pulmonary cuculation tune, of 
the arm to heart tune, of the venous and artenal blood pressures, and 
of the vital capaaty of the lungs have been made m fifty-four male 
patients with cardiovascular disease (rheumatic, syphihtic, arteno- 
sderotic, artenal hypertension) and theu relation to the chmeal find- 
mgs have been studied 

2 The clinical and physiological significance of these observations is 
discussed 

3 The methods as desenbed m a precedmg communication have 
been found adequate for the study of the chmeal aspects of cardiovas- 
cular disease 

I PATIENTS WITH RHEUMATIC HEART DISEASE 

A Without valvular damage 

1 Measurements were made on two patients, who showed the im- 
mediate and the very late effects of myocardial mvolvement subse- 
quent to acute rheumatic fever 
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2 In one patient, a young adult, the symptoms and signs of severe 
rheumatic myocardial damage were associated with moderate slowing 
of the pulmonary blood flow white the peripheral blood flow from the 
arm to the heart was withm normal limits 

3 The other patient showed a shghtly increased veloaty of blood 
flow with clmical evidences of exaggerated cardiac activity foUowmg 
acute rheumatic fever 

B WUh valvular damage and regular rhythm 

1 Normal speed of blood flow through the lungs and from the arm 
to the heart demonstrates that m spite of valvular deformation, the 
myocardium may be capable of mamtaimng a normal veloaty of blood 
flow 

2 In the one patient who was dyspneic at the time of test, but who 
showed no signs of congestive failure, the pulmonary blood flow was 
shghtly slower than the normal 

3 These observations mdicate that the slowing of blood flow in 
rheumatic heart disease reflects the dysfunction due to myocardial 
damage. 

4 There is no close relationship between the degree of valvular m 
volverpent and the degree of circulatory competence as reflected by 
the veloaty of blood flow 

C With valvular damage and fibnllalton of the annclcs 

1 The veloaty of pulmonary blood flow was slowed and bore a 
definite relationship to the degree of arculatorj' msuffiaency The 
penpheral blood flow, as judged by the arm to heart time, while m gen- 
eral retarded, was not so closely related to the clmical findings 

H. PATIENTS WITH SrifPnrUTIC HEART DISEASE 

1 The decrease m the veloaty of blood flow through the lungs paral- 
leled the clmical evidences of circulatory failure except that paroxys- 
mal dyspnea and precordial pam did not seem to be assoaated with 
qmte as much slowmg of the blood stream as that observed m patients 
with rheumatic heart disease This suggests that paroxysmal breath- 
lessness and pam m patients with syphihtic aortitis may be due in 
part to a reflex mechanism 
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2 Even with slowing of the blood flow through the lungs and with 
reduction in the vital capaaty of the lungs, the penpheral blood flow 
was found within the hmits of normal according to the measurement 
of the venous pressure and of the arm to heart tune This is m har- 
mony with the late appearance of edema in aortic msuffiaency 

3 Our findings suggest that the differences between so-called dry 
heart failure and congestive heart failure may well be due to differ- 
ences in the velocity of the penpheral blood stream 

m PATIENTS WITH ARTERIOSCLEROSIS AND WITH EVIDENCES OF 
MYOCARDIAL DEGENERATION 

A With regular rhythm 

1 Of the patients in this group m whom the arm to heart time was 
fifteen seconds or less, none showed evidence of penpheral edema, while 
all patients who showed arm to heart times above this, showed signs of 
penpheral edema 

2 The veloaty of blood flow through the lungs paralleled m general 
the degree of circulatory mcompetence and as such provided an objec- 
tive and quantitative mdex of the circulation 

B With fibrillation of the auricles 

In two patients the veloaty of blood flow through the lungs was 
withm the upper hmits of normal m spite of the abnormal mechanism 
of auncular fibrillation, whereas the veloaty of pulmonary blood flow 
was moderately or greatly reduced m the two others accordmg to the 
degree of arculatory failure 

rV PATIENTS WITH ARTERIAL HYPERTENSION 

1 Patients with artenal hypertension who show no evidence of 
arculatory disabihty may be divided mto two groups m one, the 
pulmonary veloaty of blood flow is withm the hnuts of normal, whereas 
m the other it is retarded 

2 The arm to heart times m these subjects bore no constant rela- 
tion to the pulmonary circulation time 

3 In no patients with hypertension was an abnormally rapid veloc- 
ity of blood flow observed This suggests that the fundamental 
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disturbance m artenal hypertension is increased penpberal resistance 
rather than cardiac hyperactivity 

4 As in a previous study, we observed m some patients an abnor- 
mally high venous pressure in the absence of congestive failure 

5 Patients with artenal hypertension and with congestive failure 
show a retardation m the pulmonary and penpberal blood flow similar 
to that m patients with a correspondmg degree of arculatory failure 
but with a normal rhythm. 

We are mdebted to Mrs Ehzabeth Hall for techmcal assistance 
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ABSTRACTS OF HISTORIES AND PHYSICAL EXAMINATIONS 
I Patients with Rheumatic Heart Disease 

292 F D Two months previously there had been swelhng of the right wnst, 
spontaneously subsidmg He had had a similar attack seven years previously 
One week previous to entry red, tender, swelling of nght wnst and right elbow 
appeared Physical E xamin ation was entirely negative at tune of test The 
diagnosis was acute rheumatic fever 

267 G had had numerous attacks of tonsditis m the past but not rheumatic 
fever Ten months previously he noticed gradually mcreasmg dyspnea and 
Snally orthopnea, forcmg hun to enter the hospital Physical exammation at 
that tune showed cyanosis, orthopnea, a moderately enlarged heart mth a soft 
systohc but no diastohc murmur The ventncular rate was about forty and 
electrocardiographic tracmgs showed the presence of partial heart block The 
consensus of opmion was that the patient was suffenng from rheumatic mjm- 
carditis He improved and left the hospital but returned because of recurrence 
of the previous orthopnea Physical exammation showed the apex impulse m the 
fifth mterspace with the left border of dulness 12 cm from the rmdstemal hne 
The rhythm was regular, the lungs were clear and the hver was not palpable 
Squeaking rhonchi were heard over both chests postenorly There was no edema 
of the ankles The diagnosis was rheumatic myocarditis 

376 A C entered the hospital for tonsillectomy He had had an attack of 
acute rheumatic fever one year previously but had never suffered from cuculatory 
insufficiency Physical exammabon was normal save for a slightly enlarged heart 
with a systohc and rough presystohc murmur over the rmtral area The diag- 
nosis was rheumabc heart disease, rmtral stenosis and msuffiaency 

287 K. N entered the hospital because of pam and swelhng of both knees 
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Dunng the previoiis five •weeks he had had acute rheumatic fever which re- 
sponded to treatment by salicylates At time of test there were no joint signs or 
symptoms Ph-ysical eiaramation Heart Left border of dulness 11 5 cm from 
nudstemal Imc m fifth space- First sound was accentuated Soft systolic 
murmur at the apex was transmitted to the axilla. There was no diastolic 
murmur The diagnosis was rheumatic heart disease and mitral insuffidenc> 

338 F htacD No reliable history was obtainable. There was a loud boommg 
first sound erver the apex followed by a rough systohe murmur transmitted to 
axilla The heart was slightly enlarged There were no signs of congestive 
failure The diagnosis was rheumatic heart disease and mitral insufficient 

340 J G entered the hospital complaining of weakness and palpitation three 
months in duration He hod had acute rheumatic fever in diildhood but bad never 
cipenenccd shortness of breath on exertion or other signs or symptoms of con 
gestive circulatoiy failure Phyncal examination was negative save for slight 
cardiac enlargement and the signs of mitral stenosis and msuffidenen The 
diagnosis was mitral stenosis and insufficiency 

363 R F entered the hospital complaining of painful jomts He hod bod 
several attockfl of acute rheumatic fever but had never experienced dj'spnea except 
on walking up one flight of stairs Physical examination was negative save for a 
moderately enlarged heart, accentuation of the second pulmonic sound, a loud 
blowing s>'8toUc and a rough pres>'StoUc murmur erv'er the mitral area and a loud 
first sound There was no past or present evidence of congestive failure. The 
diagnosis was mitral stenosis and insuffiaency 

368 M E entered the hospital complaining of painful swollen joints, fever 
and palpitation He had never experienced symptoms of circulatory decom 
pensation At time of test, fourteen days later the heart was found sU^tly 
enlarged and a distinct diastolic and svstobc murmur was heard over the apex. 
The joints were normal There were no signs of circulatory insuffidenev The 
diagnosis was acute rheumatic fever, mitral stenosis and msuffiaeno 

283 W 0 had had rheumatic fever 28 years and 18 years previousU At time 
of insurance examination 18 years previously he was told he had aortic valvular 
disease. He never experienced any symiptoms referable to the circulatory mtem 
and entered the hospital because of acute alcoholic btoxicatlon He was able to 
lead a \Tgorous, normal life Phyiical examination showed a well dc^ eloped 
man with conspicuous arterial pulsations m neck vessels Heart was moderately 
enlarged with the apex 14 cm to the left of the mldstcmal line m the fifth space 
Apex impulse was heaving There were no thrills At apex first sound was 
rough and loud, second sound accentuated Short, rough presystolic munnur and 
soft systolic and diastolic murmur were heard. Loud, long diastolic murmur 
heard along the left border of sternum and faint diastolic murmur, over the aortic 
area. Comgan pulse and Duronezs sign -were present The diagnosis was 
mitral stenosis and regurgitation and aortic regurgitation 

369 P G entered hospital comploinmg of substcmal pain He had bad rheu 
matic heart disease for eighteen years Day before entry a to and fro fnction 
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rub had been heard to left of stemum He had occasionally experienced short- 
ness of breath on exertion but never noted swelling of legs Physical examination 
showed the heart moderately enlarged, the rh 3 dhm regular, and the physical signs 
of mitral stenosis and msuffiaency There were no signs of congestive circulatory 
failure The diagnosis was probable acute pericarditis, mitral stenosis and 
msuffiaency 

258 D S had had shortness of breath, attacks of sharp lananatmg, non- 
radiatmg pam over the heart for several years, which followed exertion, and which 
lasted a mmute or two He recently had experienced marked orthopnea One 
week before entry he coughed up blood-streaked sputum Physical exammation 
showed left border of cardiac dulness 12 cm The apex impulse was felt m the 
5th and 6th mterspaces The cardiac rhythm was totally irregular Double 
murmurs were present over the apex and over the aortic area Riles were heard 
over the lungs There was edema of both ankles Hemoglobm was 75 per cent 
The diagnosis was auncular fibrillation, mitral stenosis and msuffiaency 

324, 265 S C complamed of shortness of breath He had had rheumatic 
fever m childhood but had been well until 9 years previously, when, after pneu- 
moma, he developed moderate shortness of breath for 8 months Durmg the 10 
months before entry he expenenced shght precordial pam on exertion with short- 
ness of breath and palpitation, which gradually maeased m seventy forong hun 
to enter the hospital Three days before admission, pittmg edema was observed 
over lower legs After admission to the hospital, on rest m bed and digitalis, he 
showed moderate improvement At time of test, 265, he was still slightly ortho- 
pnac Physical exammation showed blowing systohc and diastohc murmurs 
over aortic and mitral areas The hver was not palpable There was no edema 
of the legs A few moist riles were heard over the left base Followmg rest m 
the hospital patient returned home but was compelled to re-enter hospital because 
of exacerbation of symptoms At tune of test no 324 patient felt well and 
was up and about the ward There was no dyspnea or orthopnea Physical 
exammation showed no riles over chest and no edema The hver was not 
palpable, and the heart was as noted above The diagnosis was rheumatic peri- 
carditis, auncular fibnllabon, aortic stenosis and insufi^aency, mitral stenosis and 
msuffiaency 

406 E G entered hospital two weeks previous to test severely dfecompensated, 
but on rest m bed and digitahs he unproved so that he was but slightly d 3 ^nac 
at time of test, and was troubled only by a shght cough Physical exammation 
showed moderately enlarged heart, with the signs of mitral stenosis and msuffi- 
aency, total irregulanty of the rhythm, signs of fluid over the base of the nght 
lung and shght but defimte pittmg edema over the ankles The diagnosis was 
mitral stenosis and msuffiaency and auncular fibrillation 

358 H M entered hospital complainmg of shortness of breath on the shghtest 
exertion, six weeks m duration He had no history of rheumatic fever but had had 
frequent sore throats He noticed irregularity of heart action two years previously 
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vrhich had since peraUtcd. Dyspnea had t^peared three months previously and 
had gradually become m)rse Physical eianunatlon showed moderate cardiac 
eolaigcment and the signs of mitral stenosis and insuffiacncy with total irregu 
lanty of the cardiac rhythm Percussion note was dull over the nght chest 
posteriorly There were no rtlea Tender liver edge was palpable three fingers 
breadth below the nght costal margm The diagnosis was circulatory insuffi 
aency, auricular fibrillation^ mitral stenosis and insufficiency 

n Patiekts ■wteh Svpimxnc Heast Disease 

240 J P had had occasional alight pain below manubrium with attacks of 
shortness of breath He felt weak and was unable to do hard labor There was 
no history of congestive failure Physical examination was negative except for a 
systohe murmur over the base. By i rays, aneurysm of the aortic arch was ob- 
served The diagnosis was aneurysm of the aortic arch 

325 293, 276 J C had had iortness of breath tired feeling, and nocturnal 
attadj of dyspnea and wheezmg There was no history of congestive failure. 
Dyspnea was unusually severe on the slightest exertion Physical examination 
at time of first test showed marked arterial pulsations visible m the neds^ a heavmg 
apex impulse over the fifth space, left border of cardiac dulness 12J5 cm. from the 
midstcmal line, systolic and diastohc murmurs over the apex and over the aortic 
area The systohe murmur was transmitted into the vessels of the neck Com 
gan pulse was present The lungs were clear, the liver was not palpable Wasser 
mann was positive at time of second test, no 293 Patient improved subjectively, 
and was able to walk about without shortness of breath Physical examination 
was as noted before At time of the third test, he hod dyspnea on but shght 
exertion He beheved himself definitel> worse than at time of previous tests 
Phydeal examination was as before and showed no signs of congestive failure. 
The diagnosis was aortic msuffiaency and syphilis 

326 P T entered the hospital complainmg of paro^^'smnl dyspnea one year m 
duration The attacks came mostly at night, were ver> severe, were accom 
panied by a choking sensation lasted several hours and were not attended by pain 
He had no swellmg of the legs at any time He had been working and when 
attacks were absent he felt normal Physical examination showed left border of 
cardiac dulness 15 cm from the midstcmal hue in the sixth internee, double 
murmur o\cr aortic area, Corngan pulse. X ray showed dilatation of the arch of 
aorta. The vessels were sclerosed and tortuous Kahn test was negati\x 
The diagnosis was s>’phihs, aortic insuffiacncy, and aneurysm of aorta. 

318 T P entered the hospital complaining of paroxysmal attacks of dyspnea, 
the attacks lasting for about a half an hour and at times accompanied by sensation 
of tightness over the chest Attacks occur especially on excitement and on 
excTQSc Physical examination showed a moderatel> enlarged heart with the 
signs of aortic insufBaenc> , and no signs of congestive failure The diagnosis was 
s>'phnis, and aortic msuffidcncy 

316 M D entered the hospital complaming of shortness of breath Although 
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he had suffered congestive failure m the past, and at the tune of the test he was 
able to be up and about, he still complained of dyspnea on shght exertion Phys- 
ical exanunation showed a greatly enlarged heart with the signs of aortic msuffi- 
aency The penpheral signs of aortic insufiiaency were also present No signs 
of congestive failure were present at the tune of the test The diagnosis was 
syphilis, and aortic msuffiaency Subsequent history The patient died three 
and a half months later He had shown signs of subacute bacterial endocarditis 
m the mterval, as well as more conspicuous attacks of nocturnal paroxysmal 
dyspnea 

239, 243 W H had had for one year progressively mcreasing dyspnea, marked 
at night, and mcreasmg weakness and cough for one month, and orthopnea for 
2 i\ eeks Physical exanunation at the time of admission, one month before test 
no 239, showed orthopnea, the apex of the heart m 6th space, left border of 
cardiac dulness 13 cm from nudsternal hue, and double murmurs over the aortic 
area At the time of test, no 239, there was orthopnea, no congestive failure and 
he was able to walk slowly on the level without becoming dyspneic At the 
tune of test, no 243, his circulation was compensated fairly well at rest and on 
shght exertion He felt definitely stronger The diagnosis was aortic insufficency 
and syphilis 

271 A S entered the hospital because of dyspnea and sharp, non-radiatmg 
pam m the right upper quadrant of five weeks duration He noted swellmg of 
the legs, and was troubled by cough He was forced to use two or three pillows 
at night, but rapidly improved under rest and digitalis Physical exanunation 
showed the sclerae shghtly jaundiced and the heart m fifth space, 13 cm from 
nudsternal hne Double murmur was heard over the aortic area and the tender 
edge of the hver was felt three fingers below the costal margm There was no 
edema of the legs The lungs were normal He could walk on the level without 
stoppmg Kahn test was positive Fluoroscopy showed aneurysm of the as- 
cendmg aorta The diagnosis was aneurysm of ascendmg portion of the arch 
of aorta 

330 A J entered the hospital complaining of nocturnal dyspnea of fourteen 
months duration, and of dyspnea on the slightest exertion of four months duration 
He had never suffered congestive failure Physical exanunation at time of entry 
to hospital showed no signs of chrome passive congestion The heart was mod- 
erately enlarged and there was a double murmur heard over the aortic area The 
pulse was of the water-hammer type and Duroziez’s sign was present One week 
after entry, on the day of the test, he showed, for the first time, shght pittmg 
edema of feet and ankles Three days later, comcident with mcreasmg con- 
gestive failure, he developed attacks of excruciatmg pam m the right upper 
quadrant He became rapidly worse and died three days later Post-mortem 
exanunation showed a heart wei ghin g 700 grams, several old grayish scars m the 
myocardium and openmgs of the coronary arteries nearly obhterated by athero- 
matous changes m the aorta, which showed the characteristic signs of sjqihihtic 
mvolvement The diagnosis was syphilis and aortic insuflSaency 
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HL Patients with Asteeioscleeosis and Evidences of Myocakdue 
Degeneration 

A JV^th regular rhythm 

371 J C entered the hospital on the surgical service where prostatectomy was 
perfonned At time of test he complained of slight weakness Physical «atni 
nation was negative except for moderate tortuosity and sclerosis of penpheral 
vessels. The diagnosis was artenosderosis 

319, 332 N B entered the hospital because of osteomychtis of the right first 
metatarsal bone There was no history of circulatory embarrassment Physical 
examination showed no signs of circulatory insufficiency, heart was normal in size, 
and tortuous and sclerosed brachial and temporal arteries Urme was normaL 
The diagnosis was generalized artenosderosis 

361 A F entered hospital complammg of a painful left ankle which gradually 
became swollen, especially m morning after getting up For several months he 
e^ierienced some dyspnea on exertion Physical examination showed the heart 
normal in size, sounds of fair quality, no murmnis, conspicuous sderosls of the 
radial and tibial artenes, but no signs of arculatory msuffidency The diagnosis 
was generalized artenosderosis 

370 H S entered the hospital because of a fractured femur A diagnosis of 
Paget s disease was made He complained of slight dyspnea on exertion The 
heart was sUg^itl) enlarged, the radial and other superficial artenes conspicuously 
sderosed and tortuous. There were no signs of drculatory incompetence The 
diagnosis was Paget’s disease, generalized artenosderosis 

372 389 J H collapsed while walking on street and entered hospital comatose. 
He gradually improved He had been troubled with shortness of breath on 
cxertioh for several years Physical exommation showed the heart enlarged to the 
left, sounds fair, and a loud systolic murmur over the mitral area, no signs of 
drculator> msuffidency Electrocardiographic Iracmgs showed sunple brady 
cardia The diagnosis was bradycardia and generalized artenosderosis 

290 ^Y L gave no history of congestive failure Physical examination showed 
the heart normal In dxe. The sounds were of good quality and regular rhythm, 
Artenes were tortuous and thickened The diagnosis was artenosderosis 

242 J B suffered from periodic attacks of constnctlon of the c^cst with 
epigastnc pain and vomiting Physical examination was negative excqit for 
marked artcriosderosls He was observed fn one attack durmg which the dectro- 
cardiogram showed complete vcntncular asystole of about 11 seconds duration 
After discharge from the ho^ital, the patient showed almost daily attacks He 
was unconsdous durmg attacks He had no signs of congestive failure. The 
diagnosis was Stokes-Adams 5>Tidromc, and myocardial degeneration 

295 M C complained of weakness of 6 months duration He had frequently 
been troubled b> painful joints for 15 years Occasional palpitation with pre- 
cordial pain was felt for several jrears which was associated with dj'spnea on 
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exertion At time of test he -was unable to walk more than 600 feet without 
conspicuous dyspnea There was no sign of congestive failure Physical ex- 
animation showed marked emaaation Apex m fifth space was 9 cm from mid- 
stemal hne The sounds were distant and regular There was shght tortuosity of 
penpheral artenes The diagnosis was myocardial degeneration and ? syphilis 

241 D M felt tiredness and shortness of breath on w aitin g for the past 2 
years He gave no history of congestive failure Physical exammation showed 
the heart normal m sixe The sounds were regular and distant Conspicuous 
thickenmg of the penpheral vessels was noted The diagnosis was marked 
generalized artenosclerosis 

284, 312 J G entered the hospital because of dyspnea, anorexia, and weakness 
begmnmg 4 weeks previous to this test, when he developed severe attacks of 
nocturnal dyspnea, assoaated with a sense of pressure over the epigastnum 
Physical exammation showed orthopnea The sounds were famt A soft systohc 
murmur over the aortic area was heard Brachial and radial artenes were 
sclerosed Moist rales over both bases were heard The hver edge was palpable 
and tender Shght pittmg edema over both ankles was present At time of 
second test, no 312, the patient was objectively and defimtely worse He was 
able to sleep flat on the nght side though not on the left side, and was still troubled 
by paroxjfsmal nocturnal dyspnea Phj'sical exammation was as before except 
that there was a presystohc gallop rhythm and moist r&les could be heard every- 
where over both lungs There was marked pittmg edema over the buttocks, 
the thighs and legs, and his face and arms were edematous The diagnosis was 
artenosclerosis and cardiac asthma 

360 M H entered the hospital complammg of mcreasmg shortness of breath 
and swellmg of the feet, twelve months m duration At tune of test he was 
orthopneic Phjfsical exammation showed an enlarged heart with the maximum 
impulse m the sixth space 13 5 cm from the midstemal hne The first sound was 
snappmg and was followed by a soft systohc murmur Conspicuous swellmg and 
pittmg edema of legs and signs of fluid m the nght chest were found Liver was 
not palpated The patient’s course was progressively downward and he died two 
veeks later The diagnosis was generalized artenosclerosis, and ? syphihs 

341 T R entered the hospital with conspicuous dyspnea, weakness and dis- 
comfort At time of test there was no orthopnea although his dyspnea was 
extreme The size of the heart was approximately normal and no murmurs were 
heard The rate was rapid and regular There were signs of flmd m the abdomen 
and m the nght chest Marked pittmg edema was noted over the extrermties 
The diagnosis was myocardial degeneration and general anasarca 

B With fibnllahofi of the auricles 

362 M C entered the hospital complammg of palpitation and dyspnea eleven 
months m duration Physical exammation showed the left border of cardiac 
dulness 14 cm from the rmdstemal hne m the fifth mterspace The heart sounds 
were totally irregular There was shght pittmg edema over the ankles The 
diagnosis was auncular fibrillation and artenosclerosis 
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411 M II entered complammg of shortness of breath and palpitation On 
entry to hospital he showed the signs of congestive failure which responded well 
to treatment by rest and digitalis, so that at the time of test there was but shght 
pitting edema over the legs The heart was slightly enlarged No riles were 
heard over the lungs The diagnosis was auricular fibrillation and generalized 
artenosderosis 

246, 261 \V D , five years previously, following an operation, had shortness of 
breath, slight orthopnea, and swelling of legs and abdomen Diagnosis at that 
time was auricular fibrillation, chronic myocarditis, coronary sclerosis and asdtes 
One week before admission he noted swcllmg of the anUcs At tunc of test no 246, 
he had been completely digitalized and showed evidence of xmld tende effects such 
as vomltmg Pbj’sical examination showed the heart rhythm totallj Irregular, 
and the left border of dulncss 13 am from the mldstemal Ime in the fifth space 
Bubbling riles were heard over bases of lungs He was short of breath and unable 
to walk. The liver edge was palpable and tender He showed shght pitting 
edema over the ankles and of subcutaneous tissues At time of teat no 261, there 
was no edema of the legs i’ltol capaaty was not reliable because of nasopharyn 
gitis The diagnosis was myocardial degeneration, auricular fibrillation. 

247 F B had dy^nca on moderate exertion and nocturnal paroxysmal attacks 
of precordial distress associated with shortness of breath. There was no history 
of congestive faflure. Physical exammatm showed heart apex impulse in the 
fifth space, 1 1 5 cm. from the nudstemal line Sounds were distant There was 
marled sclerosis of the peripheral vessels The diagnosis was auricular fibrillation, 
artenosderosis and cardiac asthma. 

XV Patients wits Arteriae Hypertension 

377 T M had never complained of nnv ^Tnptoms referable to his cardio- 
vascular system. rh>'sical cianunation showed the heart slightly enlarged 
The sounds were normal and regular m rhythm. The diagnosis was essential 
hypertension 

272 E M had had attacks of dimness, forcing hun to he down These were 
associated with pam over the lower antenor chest, and palpitation There was 
no swelling of ankles or pufDness of face Physical examination showed tortuous 
retinal vessels, the left border of cardiac dulness 9.5 cm m the nipple Ime in the 
fifth space The pulses were equal, regular and s>’nchronous, and the radial 
artenes neither thickened nor sclerosed. Blood pressure dunng stay in hospital 
voned from 170 to 200 systolic and from 110 to 140 diastolic. Urme showed a 
specific gravity of 1004, no fixation, slight trace of albumin, no sugar and numer 
ous red cells. Phthaleln test of kidney function shonved 57 per cent the first hour 
and 21 per cent the second hour Wassermann lest was negative The diagnosis 
was h>’pcrlcnsion and vascular nephritis 

307 B M had had for 6 > cars dizziness and headaches but no symptoms of 
cardiac decompensation He had bad arterial hypertension for at least 5 months 
Physical examination showed pulfincss about both e>c8 The heart was enlarged 
to the left and a soft blonlng sj'stoHc murmur was heard over apex. Lungs 
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were clear Liver was not felt Blood pressure at first determination, 5 months 
previously, was 188 sj^stohc, and 90 diastolic Urme was negative The diag- 
nosis was h)^ertension 

331 F S entered the hospital complaining of shortness of breath two months 
m duration He was dyspneic, and orthopneic on entry, and showed edema of 
both legs After five weeks of rest m bed m the hospital he improved so that at 
the tune of test he was neither orthopneic or dyspneic, and showed no evidence 
of congestive failure Physical exammation showed a shghtly enlarged heart and 
shght arteriosclerosis Kahn test gave a negative reaction The diagnosis was 
hypertension 

357 G M stated that his high blood pressure had been acadently discovered 
one year previously He felt well and had been actively at work Physical 
exarmnation showed the heart shghtly enlarged The antenor postenor diameter 
of the chest seemed someivhat mcreased, and an occasional musical r^le could be 
heard on expiration The diagnosis was hypertension and ? pulmonary em- 
physema 

336 A 0 entered the hospital because of carcmoma of hp His elevated blood 
pressure was discovered m the course of the routme physical exammation No 
symptoms were referable to the cardiovascular system Physical exammation 
showed slight cardiac enlargement and moderate thickenmg of the artenes and 
vems The diagnosis was hypertension 

309 J M had had dixzmess of 7 months duration but no dyspnea, orthopnea, 
or evidence of congestive failure Noctuna 3 had been present for 7 months 
Physical exammation showed the apex impulse m fifth space, 12 cm from the 
midstemal fine The heart rate and rh3dhm were normal and no murmurs were 
heard Urme showed no fixation of specific gravity and very shght trace of albu- 
mm The diagnosis was hypertension 

305 H M had had occasional shortness of breath of 2 weeks duraPon, and a 
chokmg sensation the night before admission He had had several similar attacks 
durmg the previous 2 months but no symptoms of congesPve failure There 
had been noctuna 2-3 of one month’s duraPon Physical exammaPon showed 
edema of conjuncPvae and eyehds, and the heart, moderately enlarged The 
sounds were regular and of fair quahty No murmurs were heard There was no 
evidence of sclerosis Non-tender fiver edge was palpable two fingers below 
costal margm There was no orthopnea Urme showed no fixaPon of gravity, 
and a shght trace of albumm There was no mPogen retenPon, no signs of 
artenosclerosis or congesPve failure The diagnosis was hypertension 

296, 300 M P , beg innin g 5 years before entry, had had attacks of pam m chest 
radiatmg to left arm, assoaated with di^spnea Three weeks before entry, 
paroxysms of pam and dyspnea became more frequent and more severe Par- 
oxysms lasted about 3 min utes and were agonmmg Physical examinaPon showed 
peripheral vessels sclerosed and tortuous, heart not e nl a r ged and no signs of con- 
gestive failure Urme showed a shght trace of albu mm and hyahne casts with a 
shght tendency toward fixaPon of speafic gravity The diagnosis was hyperten- 
sion and chrome nephnps 
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308 M C had had precordial pam of several years duration, with occasional 
palpitation Patient never stopped hla work There was no dyspnea or 
orthopnea and no evidence of congestive failure. Phj’sical examination showed 
heart apex in fifth space, 12 cm from the midstemal line, no murmurs and no 
tbnlls The lungs showed the signs of emphysema Liver was not felt. Radial 
and brachial artenes were sclerosed and somewhat tortuous There were no signs 
of congestive failure Unne was entirely normal with no fixation of gravity 
The diagnosis was artenosekrosis and hypertension 

304 M S had no cardiac history but was troubled by (Haziness and headaches. 
Hj’pertension was discovered accidentally Physical examination was entirely 
normal. Unne was clear with no fixation of specific gravity There was no 
nitrogen retention The diagnosis was hypertension 

427, 429 C B had nobced slight dy^nca on exertion beginning two years 
before entry which had gradually become progressivtly worse. His blood pres- 
sure had been elevated for at least three years Three weeks before entry his feet 
and legs began lo swell Physical examination at the time of the first test showed 
conspicuous congestive failure with (yanosfa and dyspnea. There was generalized 
anasarca. The heart was moderately enlarged HU weight was 162 pounds 
The pabent was rapidly digitalized and within twelve hours passed large amounts 
of unne his \'entncular rate slowed, and hU vital capacity mcrcased. His weight 
at the time of the second test was 146 poubds. The edema had lessened con 
spicuously, though hght pitting edema was still evident over the lower eitremltjes 
and the buttocks The diagnosis was hypertension, cardiac decompensation 

423 r F had never been troubled by syTuptoms referable to his cardiovascular 
system, but on rest in bed first dcvcJ<^>cd swellmg of the legs Pby^cal i^TnTnmn 
bon was negative save for the elevated blood pressure and edema of the legs 
The diagnosis was hypertension 

278 J G had had attadLs of abdominal pain, and frequent attacks of se\ere 
nocturnal dy'spnea, bstmg 10 to 15 minutes Heart was normal in size, sounds 
regular and of good quality Faint systolic murmur over the mitral area. Pulses 
were equal and of mcreased tension Liver edge was felt 3 fingers below the costal 
margm moderately tender There was no edema cner the extremiUes Unne 
showed a tendency tenvard fixation of specific gravity, sbght trace of albumin, 
occasional hyalme and cellular casts There \ras no nitrogen retention 
’Phthalem output was 45 per cent in 2 hours The diagnosis was hypertension, 
vascular nephntis 

334 E A had suffered a complete right hemiplegia two years preMously from 
which he had only mcompletely recovered. For sixteen months he had suffered 
from shortness of breath on exertion with nocturnal dyspnea, of one month dura 
bon He had known that his blood pressure was elevated for two and a half 
years Phy'sical exnmlnabon showed sounds of poor quality, rapid, and ab- 
solutely irregular m rhy thm No munnurs were heard The radial arteries were 
thickened. The diagnosis was auncular fibriffation, artenosclerosis and hyper 
tension 
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In preceding papers, particular attention has been dnected to the 
relation in a given individual or in a group of individuak between the 
dimcal findings and the measurements of the veloatyofbloodflow,the 
venous pressure, and the vital capaaty of the lungs In the following, 
more general treatment of the data, an attempt wiU be made to learn 
the extent and frequenev of changes m these measurements in all 
subjects with cardiotniscular disease compared with similar measure- 
ments m normal persons 

< Changes in the venous pressure, in the veloaty of blood flow, and 
m the vital capacity of the lungs can bo compared with each other 
only if obtained m the same subjects Such comparison would be 
almost certainly erroneous, if, for example, variations of venous pres- 
sures of some piatients with cardiowisculnr disease were compared 
with YTinations of the vital capaaties of other patients with cardio- 
vascular disease, for it would be impossible to be certam that such 
different groups showed exactly the same degree of cardioY ascular 
damage Consequentl> , we haie included here only those patients 
in whom all three measurements nerc obtamed Dupheate measure- 
ments m the same subject haie been excluded m order not to weight 
some of the results unduly Fortunately, the three measurements 
in all but four patients with cardiovascular disease, and the data m 

* This investigation utis aided bj a grant from the DeLamar hlohilc Research 
Fund of Harvard Unlversitj 
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all but twelve normal mdividuals are available The fifty normal 
persons are those presented m the study of the normal pulmonary 
circulation time (1) , the fifty patients with cardiovascular disease are 
those mcluded m the precedmg commumcation (2) 

Smce measurements of the veloaty of blood flow, of the venous 
pressure, and of the vital capaaty of the lungs are expressed m such 
dissimilar units as seconds, centimeters of water, and cubic centimeters 
of air per square meter of body surface, smce the order of magnitude 
of the measurements differs widely, and smce, moreover, the vital 
capacity dimmishes, the venous pressure rises, and the pulmonary 
circulation time and the arm to heart tune becomes greater m circula- 
tory insufficiency, companson of such unlike quantities is difficult 
All measurements have, therefore, been reduced to a common Jiasis 
by expressmg them m terms of percentage vanation from their 
normal average In all diagrams (see fig 1) the measurements have 
been classified m 10 per cent groups The shaded columns, for 
example, between -fS and —5 mdicate the number of subjects in 
whom the measurements were found to be withm the limits of 4-5 
and —5 per cent of the average of the entire normal group Vital 
capaaty measurements were first expressed in the number of cubic 
centimeters per square meter of body surface The percentage of 
the normal average was then calculated If, for example, the vital 
capacity of a given mdividual was 1782 cc per square meter of body 
surface, and the normal average 2376 cc per square meter of body 
surface, the vital capacity observed would be 75 per cent of the 
normal, or, as we have charted it, a percentage deviation from the 
normal of —25 per cent Similarly, the actual venous pressure has 
been calculated m terms of percentage of the average normal and the 
vanation of this percentage from the normal charted 

Expression of the pulmonary circulation time and of the arm to 
heart time m terms of actual velocity presented a somewhat different 
problem The ‘’‘arculation time” denotes the tune necessary for a 
substailce to travel between two arbitrarily fixed pomts, the longer 
the tune necessary, the slower is the speed of the substance To 
express this mverse relation between circulation tune and velocity it 
has been necessary to divide the average normal pulmonary circula- 
tion tune by the one observed m order to secure an estimate of the 
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speed m terms o{ the normal percentage. The normal average 
pulmonary circulation time is eleven seconds, and if, for example, the 
observed time m a patient with cardiovascular disease were twenty- 
two seconds, the doubhng of the circulation tune denotes a slowmg 
of the blood stream to one-halt the normal average veloaty A 
arculation tune of twenty two seconds would therefore be charted as 
— SO per cent The data relatmg to the arm to heart times have been 
similarly treated 



Fic 1 PoinoNARY CracuiA-noN Tdibb (Cetoe) or Noeual and Caediac 
Subjects 

In these diagrams the normal measurements are those obtamed m 
the fifty subjects we personally studied, and the data m patients 
with cardiovascular disease are those presented m the precedmg 
communication The methods employed and the conditions of the 
tests were consequently similar The group of patients with cardio- 
vascular disease mdudes those whose circulation was compensated, 
as well as those whose arculation was insuffiaent The patient with 
cardiovascular disease m whom the veloaty of blood flow (plus 47 
per cent) was swiftest, for mstance, showed essential hypertension 
and had never expenenced symptoms or signs of arculatoiy insuffi- 
ciency 
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The frequency dtstnbuiion of the pulmonary ctrculatwn hme {crude) 

The diagram (fig 1) shows the degree and frequency of vanations 
m the pulmonary circulation times m fifty patients with cardio- 
vascular disease compared with the fimdmgs m fifty normal persons A 
frequency distribution diagram such as the one presented is of value 
in showing the degree and mcidence of variations m the velocity 
of blood flow m cardiovascular disease compared to the normal For 
purpose of diagnosis, the ideal test would be one accordmg to which 
all results in diseased states differed from any found m normal sub- 



Fig 2 Comparison or the Vital Capacities of Cardiac and Normal 

Subjects 

jects The degree to which a test approaches this ideal is one measure 
of its diagnostic importance It is consequently of mterest that of the 
fifty patients with cardiovascular disease, twenty showed more marked 
dinunution m the veloaty of pulmonary blood flow than that found m 
any single normal subject of this senes 

The frequency distnbxdwn of the vital capacity of the lungs {per square 

meter of body surface) 

The percentage vanation m the normal subjects and m patients 
with cardiovascular disease has been charted (fig 2) In the nor- 
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tnal subjects the range of their vital capaaty vanations is less than 
that of their pulmonary orculation tunes, but it should be noted that 
m the cardio-vascular patients likewise there is a similar relation, the 
deviation from the normal average pulmonary circulation tune is 
correspondmgly less striking Although twenty cardiac patients 
showed more marked duiunution m the veloaty of pulmonary blood 
flow than that found m the lowest normal subject (fig 1) , m the mtal 
capacity, only fifteen patients showed more marked dumnution than 
the lowest normal 

T/ie frequency dtstribulton of the arm to heart tunes 

The diagram (fig 3) shows the degree and frequency of 'vana- 
bon m the]larm to heart times m fifty patients 'with cardiovascular 
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disease compared mth the findmgs m fifty normal persons In 
contrast to the measurements of the 'vital capaaty and of the pul- 
monary orculation times, the normal arm to heart times show a much 
greater -variation (fig 3) WTiile the normal mtal capaaties of the 
lungs per square meter -vaned over a range of 70 per cent and the pul- 
monary arculation times, with one exception, over 120 per cent, the 
arm to heart tunes of normal persons Taried over a range of 180 per 
cent Not only is the spontaneous ■variation of the arm to heart time 
in normal subjects great, but the ■variation m cardio-vascular subjects 




384 


STODIES ON THE VELOCITy OE BLOOD BLOW 


IS practically identical except that the incidence of the increased 
times (diminished veloaty) is somewhat greater m cardiovascular 
disease This findmg of such great difference m the normal arm to 
heart time is m harmony with the studies of G N Stewart (3), and 
Hewlett and Van Zwaluwenburg (4) who observed that the volume 
flow of the arm vaned considerably 

The frequency dtstnbnhon of the venous pressure 

Inspection of the chart (fig 4) which compares the venous pressures 
of the fiity patients with cardiovascular disease with the venous 
pressures m normal persons shows that m both groups of subjects the 
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Fig 4 Comparison of Venous Pressures of Cardiac and Normal Subjects 



vanabihty is far greater than that shown by the other measurements 
The venous pressure m cardiovascular disease vaned over a range of 
some 360 per cent, m normal subjects over some 300 per cent Of the 
fifty normal subjects, thirty showed a venous pressure below the 
average, twenty, a venous pressure above the average In cardio- 
vascular disease twelve measurements were below the average, 
thirty-eight above the average Analysis of these findmgs confirms 
our general impression that the stage of congestive failure is attended 
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by a significant nse in venous pressure, but that this nse cannot be 
mterpreted as diagnostic because of the great vanabihty shown by 
normal persons 

The relalton of the pulmonary ctrculalwn Iwie {crude) to the weight 
and height 

In the foregomg discussion of the vital capacity of the lungs and of 
the crude pulmonary circulation time, the former has been reduced 
to the number of cubic centrmeters per square meter of body surface, 
whereas the crude pulmonary circulation time used m the computa- 
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tions has been the one actually observed at the tune of test In order 
to leom whether the pulmonary circulation time m normal persons 
vanes accordmg to the weight or to the height, diagranas have been 
made (fig 5, fig 6) Accordmg to these diagrams the vanation m 
the crude pulmonary circulation tune is as great when referred to 
weight or height, as when the actual observed tune Is charted The 
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circulation tune as used m this connection refers to the tune necessary 
for the radium active deposit to travel from the nght aunde to the 
left antebrachial artery That the time of transit is essentially the 
same m all mdividuals regardless of height or weight mdicates that the 
vdoaty of blood flow in different sized mdividuals vanes m such a 
way as to mamtam m general the same time of transport 

The relaimi of the crude pulmonary circulation time to the vital 
capacity of the lungs in normal persons and in pcUients 
with cardiovascular disease 

The frequency distnbution of the vital capaaty and of the crude 
pulmonary circulation tune discussed earlier m this communication 
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IN CENTIMETERS 


Fig 6 


does not mdicate whether those mdividuals who showed a lower vital 
capaaty tended to show a greater pulmonary cuculation time (de- 
creased veloaty) To study the relationship between the pulmonary 
cuculation tune and the vital capaaty of the limgs more dearly, a 
diagram (fig 7) has been constructed The chart is divided mto 
four parts by a vertical and a horizontal hue The horizontal Ime 
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represents the average normal pulmonary arculatwn tune The 
vertical Ime represents the average normal vital capaaty found m our 
fifty normal persons Group 1 consists of mdividuals in each of whom 
a low pulmonary orculation tune was assoaated with an mcreased 
vital capaaty, group 2, of persons m each of whom a low pulmonary 
arculation time was assoaated with a lowered vital capaaty, group 3, 
of persons in whom a prolonged pulmonary arculation tune was 
assoaated with an mcreased vital capaaty, and group 4, of persons m 
whom a dimmished vital capaaty was assoaated with a prolonged 
pulmonary arculation tune (decreased veloaty) The normal sub- 
jects of each group are mduded m the smaller squares, the subjects 
with cardiovascular disease, m the larger squares The normal 
subjects are distributed fauly evenly into the four groups so that the 
probability of a given normal mdividual bemg m any one group is 
about equal Quite the reverse is true of patients with cardiovascular 
disease They show a stnkmg tendency to be m group 4 (prolonged 
pulmonary arculation tune and decreased vital capaaty) 

Accordmg to the results shown in figure 7, the probabihty of a given 
individual with a low vital capaaty (groups 2 and 4) havmg cardio- 
vascular disease could be expressed by 

Grotip 2 cardlgv^asculflr plus Gwmp 4 cardiovascular 45 
Group 2 normal plus Group 4 normal ’ 21 

That 13 to say, roughly, the probabihty, regardless of the pulmonary 
circulation tune, would be two to one Similarly if the pulmonary 
arculation tune were prolonged (groups 3 and 4), indicatmg a slower 
veloaty of pulmonary blood flow, the probabihty of the subject 
havmg cardiovascular disease regardless of the vital capaaty of the 
lungs nould be n, or agam, roughly two to one If, however, both 
tests were performed and the pulmonary arculation time were found 
prolonged and the vital capaaty diminished (group 4), the prob 
abdity of the subject havmg cardiovascular disease would be espressed 
by 

Group 4 caidlovMcuUr 40 

; or , or opproiimatdy four to one 

Group 4 nomtal 9 

This indicates that changes m the pulmonary circulation tune occur 
simultaneously with changes m the vital capaaty of the lungs 
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The relahon of the venom pressure to the crude pulmonary ctrculahon 
time and to the vital capacity of the lungs 

When, m addition to changes m the vital capacity of the lungs and 
the pulmonary circulation time, alterations of the venous pressure 
are compared to the other two measurements, a diagram similar to 
figure 7 can be constructed m which there are eight squares Figure 8 
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represents one square m which those persons are found in whom a high 
venous pressure was assoaated with a diminished vital capaaty of 
the lungs and a prolonged pulmonary circulation time This square 
IS analogous to the ^up 4 square of figure 7 Only four normal 
subjects satisfy these requirements m contrast to the thirtv-one 
subjects with cardiovascular disease If, consequently, a given 
person shows increased pulmonary circulation time, decreased vital 
capaaty of the lungs, and venous pressure above the average normal, 
the probability of his having cardiovascular disease would be eight to 
one It should be noted, however, that although the probabihty of a 
person with cardiovascular disease bemg m the group (group 4, 
fig 7) with decreased vital capaaty and prolonged pulmonary arcula- 
tion time would be four out of five, 40/50, the probabihty of his 
bemg m the group (fig 8) which showed m addition an mcreased 
venous pressure a ould be only three out of five, 31/50 Consequently, 
it a subject shows such changes (shown in fig 8) from the 
normal, the probabihty is great that he has cardiovascular disease 
while if he fails to show such changes, the significance is not so 
great for he may be one of the 40 per cent group of patients with 
cardiovascular disease that does not show such deviations 
Statistical study of data such as is presented m this commumcabon 
IS important in physiological study of the dynamics of the orculabon 
for it throws considerable hght on the general relabon between the 
veloaty of blood flow, the vital capaaty of the lungs and the \enous 
pressure under both normal and pathological condibons In an 
mdividual mstance these considerabons are of limited mterest. It 
15 not for a moment proposed that such formulae should be used m the 
diagnosis and prognosis of arculatory disease. These will, m fact, 
usually depend on the physical exammatlon and history On the 
other hand, the general knowledge of the veloaty of the penpheral and 
pulmonary blood flow m different types of cardiovascular disease is of 
considerable value both physiologically and climcally In certam 
obscure cases the electrocardiograph and the vital capaaty of the lungs 
give useful mformation and it is felt that the measurement of the 
veloaty of blood flow may, similarl>, be of value smee it afliords a 
more durect measurement of the cardiac and vascular response m 
appropnate pathological conditions Later commumcabons will 
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show that knowledge of the velocity of blood flow in normal persons 
and m patients with circulatory msuffiaency affords a basis for study 
of the adaptations of the circulation m conditions such as fever, 
anemia, h)Tperthyroidism and myxedema, as well as of the effects of 
vanous drugs upon the circulation 

We are mdebted to Dr E B Wilson for his assistance m the 
statistical analysis of the data 

SUMMARY AND CONCLUSIONS 

The relation between the pulmonary circulation time, the arm to 
heart tune, the venous pressure, and the vital capaaty of the lungs m 
fifty patients with cardiovascular disease has been compared with 
similar measurements m fifty normal subjects 

1 All measurements were expressed m terms of the percentage 
deviation from the normal average Of the fifty patients with 
cardiovascular disease, twenty showed more conspicuous flowmg of the 
pulmonary blood flow than that observed in any of the fifty normal 
subjects, while only fifteen patients showed more marked diminution 
m the vital capaaty of the lungs than that found m any normal 
subject 

2 The arm to heart tunes of normal subjects and of patients with 
cardiovascular disease showed a greater percentage vanation (from 
the normal average) than the vital capaaty of the lungs and the pul- 
monary orculation tune The vanations m normal subjects are 
over the same range as m disease but the madence of the mcreased 
tunes (dimmished veloaty) is greater m cardiovascular disease 

3 Of the four measurements, the venous pressure showed the 
greatest vanabihty both m normal subjects and m patients with 
cardiovascular disease The vanation m normal subjects was over the 
same range as m patients with cardiovascular disease although, m 
general, the stage of congestive failure was attended by a significant 
nse above the level of normal 

4 Unhke the vital capacity of the lungs, the pulmonary cuculation 
tune and the arm to heart tunes bear no relation to the weight, to the 
haght, or to the surface area of the subjects 

5 In normal subj ects the vanations in the vital capaaty of the lungs 
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aie independent of -vanations m the pnlmonary circulation tune so 
that if the measurements are grouped accordmg to their deviation 
from the average, the probabihty of a given normal subject being m 
any of the four groups is about equal 

6 In cardiovascular disease, however, there is a staking tendency 
for a decrease m the ■vital capaaty of the lungs to be assoaated ■with 
an mcrease of the pulmonary orculatlon time ■which denotes a slower 
speed of blood flow through the lungs 

7 Statistical study of our measurements sho'ws that, m a given 
person, if the ■vital capaaty of the lungs is below the average normal 
the probabihty of his ha'vmg cardiovascular disease is roughly two to 
one 

8 Statistical study of our measurements shows similarly that m a 
given person, if the pulmonary arculation time is above the average 
of normal the probabihty of his ha'vmg cardio'vascular disease is 
roughly two to one 

9 If a given mdmdual has both a low ntal capaaty and an m- 
creased pulmonary circulation time, the probabihty, according to our 
experience, of his havmg cardiovascular disease would be four to one 

10 If, m addition to retardation m the pulmonary blood flow (m- 
creased pulmonary circulation time) and to dunmution m the ■vital 
capaaty of the lungs, the subjects show venous pressure maeased 
above the normal average, the probability of his having cardio- 
■vascular disease is roughly eight to one 

11 It should be noted, however, that whereas the probabihty that 
a person ■with cardiovascular disease is m the group with a decreased 
vital capaaty and mcreased pulmonary circulation time is four to 
one, the probabihty when he shows also mcreased venous pressure, is 
but three to one 

12 The vulue and limitations of the statistical analysis of the data 
are pointed out 
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THE DETERUHNATION OF THE CIRCULATING BLOOD 
VOLUME WITH CARBON MONOXIDE 
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INTRODUCTION 

The estimation of the circulating blood volume in man is of mterest 
in the study of a number of clmical problems The results published 
bj many investigators have vaned widely The pnnaple mvolved 
in all of these studies consists m the mtroduction mto the blood stream 
of a measured amount of some substance whose concentration m the 
circulating blood may then be estimated after complete mmng has 
taken place Many materials have been employed and the hteraturc 
has been reviewed m recent articles (1, 2) The tjTie of substance 
most commonly used has been a dye whose concentration m the blood 
plasma is estimated with a colorimeter The dye chiefly used is vital 
red, concemmg which a considerable hterature has appeared (3) 
The objections which have been raised to the use of dyestuffs may be 
bnefly stated Quantitative intravenous mjection without extrava- 
sation IS frequcntlj difficult Injections have been followed by senous 
reactions Considerable losses may occur from the plasma through 
adsorption on the erythrocytes, removal by phagocytosis, and by 
diffusion mto the lymph and other body fluids \3Tiere alterations 
in capillary permeability occur m pathological conditions, as m edema, 
considerable amounts may penetrate rapidly mto the tissues (4) 
For accurate colorimetric observations precautions must be taken to 
haa e the plasma clear and free from hcmoglobm 

A recent remvestigation of the problem by Lmdhard appears to ha\ e 
revealed other difficulties After the mjection of the dye mto a 
peripheral vein, an appreciable time mterval is needed to allow com- 
plete rrmong throughout the arculation It now appears that com 

* Jacques Loeb Fellow m Medicine 
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plete mmng does not take place in the blood stream m the three or 
four mmutes usually allowed (5) If the subject exercises by walking 
and by making arm movements for a penod of ten minutes after the 
dye mjection, much lower results than have previously been reported 
by this method are obtained for the blood volume As any loss of the 
injected dye from the blood dunng this penod should make the 
apparent blood volume higher, not lower, these findings mdicate that 
previous workers have not secured the necessary complete mmng m 
the circulating blood It is further claimed that if a senes of deter- 
imnations are made on one mdividual, as is highly desirable if not 
mdispensible in chnical studies, tolerance is produced, so that the 
dye disappears with mcreasmg rapidity from the blood after four or 
five successive blood volume determmations are made Larger 
apparent blood volume values are then obtamed with each subsequent 
detenmnation This findmg is at vanance with the extraordmanly 
constant values which have been reported by others when repeated 
determinations of the blood volume by the dye method have been 
made on one mdmdual over a considerable penod f6) 

The use of carbon monoxide possesses certam advantages which 
deserve consideration We have particularly in ncund its employment 
m those conditions m which the capillary permeabihty may be altered, 
and where the diffusion of dyestuffs from the plasma mto the tissue 
spaces may be greatly accelerated They mclude many of the patho- 
logical conditions in which blood volume changes may be expected 
and are of particular mterest The carbon monoxide method was 
first used m its present form by Haldane and Smith (7), and improve- 
ments were made by Douglas (8), and by Salvesen (9), workmg m 
Van Slyke’s laboratory 

Carbon monoxide m sufficient amounts may be quantitatively mtro- 
duced mto the blood by inhalation without pam or danger The 
method of mtroduction mto the mmutely divided blood stream m the 
lung capdlanes greatly facihtates diffusion and rapid, complete mix- 
ture The gas by reason of its affimty for hemoglobm is entirely 
bound, for all practical purposes, to this substance alone The amount 
which is physically dissolved m other tissues is msigmficant By 
the gas methods descnbed below its estimation m small quantities of 
blood is easily and accurately made 
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The calculation of the blood volume and of the total hemoglobm 
IS then easily made Knowing the amount of gas absorbed and its 
concentration in the blood after mixture, the blood volume is readily 
obtamed If the oxygen capaaty is known the concentration of hemo- 
globm may be estimated The blood volume multiphed b> this figure 
will then give the total arculatmg hemoglobm 

METHOD OP ADMINISTERING CARBON MONOXIDE 

The method employed for the admmistration of the gas is essen- 
tially that used by Haldane and followed by subsequent observers 
A rebreathmg apparatus is used consistmg of a small rubber bag with 
glass connectmg tube and rubber mouthpiece In unconsaous per- 
sons a mask with nunimal dead space is used instead The bag is 
filled with air and after rebreathmg has commenced a measured 
amount of carefully purified carbon monoxide is added from a gas 
burette The subject breathes back and forth mto this bag through 
a small bottle filled with fresh soda hme to remove carbon dioude 
The bottle is placed m an ice filled jacket, m order to cool the air and 
to prcapitate excessive moisture Care is taken to have the total 
amount of gas m the bag as small as possible so that at the height of 
inspuation it is nearly collapsed Oxygen is admitted to it very 
slowly m amounts just suffiaent to balance absorption from a large 
pressure tank, equipped with a needle valve The dead space is thus 
reduced to a mmimum The concentration of oxygen m the bag does 
not exceed 30 per cent. As the tension of carbon monoxide m the 
blood depends on the corresponding partial pressure of oxygen, this 
precaution is necessary in order that the carbon monoxide may be 
absorbed as completely as possible in the lungs The total volume of 
the gas m the system at the moment of complete normal expiration 
does not usuaUj exceed 2500 cc A side tap is placed m the connec- 
tion between bag and absorber so that a sample of gas may be taken 
just before the conclusion of the expenment or whenever deswable, to 
check the concentration in the bag Before such a gas sample is to 
be removed, the oxygen supply is completely shut off and ten or twelve 
respirations mto the closed system arc taken m order to obtain com- 
plete niLXture of gas between lungs and apparatus 
The subject breathes to and fro into the bag for a penod of twenty 
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minutes At the end of this time a blood sample without stasis is 
taken from an arm vem Aside from the venapuncture, no pam or 
discomfort whatever is expenenced 

METHOD OF ANALYZING BLOOD SAMPLES 

The blood samples for carbon monoxide analysis are collected in 
oiled synnges and placed m bottles contaming dry oxalate under oil 
The samples are analyzed without delay 

We have employed two methods for the analysis The first is an 
elaboration of the procedure used by Barcroft and his associates (10) 
An accurately measured 5 cc sample of the thoroughly mixed blood 
IS introduced mto the extraction chamber of a Van Slyke constant 
pressure apparatus and 15 cc of completely extracted acid femcyanide 
solution are added After the solution is shaken for twenty mmutes, 
the hquid is removed as far as possible mto the side arm of the appara- 
tus, and the extracted gas (about 3 cc ) is transferred with several 
washings into a Kxogh gas analysis apparatus of smtable construction 
provided with a combustion chamber Estimations of the carbon 
monoxide are made with an accuracy of about 0 005 per cent A 
comparison of the volume of carbon monoxide lost m combustion is 
then made with the volume of carbon dioxide formed The agreement 
IS usually very close The temperature is estimated with a ther- 
mometer suspended m the water bath surroundmg the gas pipette and 
thermobarometer The total volume of carbon monoxide present, 
corrected by the addition of the amount left dissolved m the fluid 
from which it was extracted (as calculated from the basic equation of 
Van Slyke, 1924) (11), is then readily obtained 

The second method is that of Van Slyke and Robbins (12) to which 
our attention was kmdly drawn by Dr Van Slyke after the above 
procedure was elaborated and m use This also requires the use of a 
5 cc blood sample, which is analyzed by the absorption of oxygen 
(pyrogallol) and then of carbon monoxide (Winkler’s reagent) m the 
Van Slyke-Harrmgton constant volume pipette The agreement of 
results obtamed by these two different procedures is satisfactory 
(Table 1 ) Cahbration of the Van Slyke-Harrmgton pipette for 
this determmation requires care, the final volume read bemg 0 5 cc 

We have made a number of blood volume estimations upon normal 
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TABLE 1 


Compariion of resvUs eltofncd by extraction and combustion anaJysu xciih those obtained 
by the method of Van Shke and Roibtns 



Extnctbni tn tocdo and 
cotsbttstkni 

Van Sljrk^-Bnbblits tnctbod 

1 

2 62 

2 63 

2 

2 55 

2 54 

3 

1 79 

1 85 

4 

2 08 

1 98 

5 

2 59 

2 59 

6 

2 33 

2 25 

7 

2 25 

2 25 

8 

2 34 

2 35 

9 

1 34 

1 42 

10 

3 09 

3 11 

11 

2 68 

2 58 

12 

1 63 i 

1 68 

13 

2 23 

2 26 

14 

1 44 

1 48 


TABLE 2 

Blood toluMO cf normal young men and young uomefr-^ga Z3 to 35 years 


(All of thee determioadoiis were made in the months of December January and 
Februdiy Intheeari) af(enhMii,abotiConefaouraftef aUghtlunclu) 


■1 




Circnlat 



Red 

blood 

ccUa 

Oxygen 
ca parity 

Cell 

Tolmna 

■ 

Subject 

Sex 

Weight 

l&t 

bloM 

Tolome 

Blood volunie 





t< 

<x->er 

k$m 

W<t(k$ 

■■ 

lurjti* 

mtUhns 

P*r 

C9 mm. 

yUamts 

ftretni 

prrctnt 

1 

W 

M 

72 4 

4,090 

64 8 

2,510 

4 8 

18 4 

40 0 

2 

G G 

M 

67 0 

isa 

69 6 

2,660 

5 8 

20 8 

42 0 

3 

D 

M 

87 3 


64 9 

2,690 

4 9 

HCT 

42 0 

4 

E,IL 

M 

71 4 

bm 

75 5 

2 860 

4 4 

20 2 

40 8 

5 

E-H-H. 

M 

73 6 

4 740 

64 4 

2,550 

5 3 

20 6 

43 5 

6 

II c 

hi 

65 8 

I«b1 

71 5 

2,720 

5 1 

20 7 

39 5 

7 

WAP 

M 

75 4 

4 760 

63 4 

2 540 

5 0 

18 1 

40 5 

8 

B L 

M 

83 1 

5 260 

63 4 

2,710 

5 8 

20 8 

42 5 

9 

C K 

F 

55 6 

3 455 

64 5 

2,200 

4 3 

18 0 

40 0 

10 

E N 

F 

52 6 

3,460 

65 7 

2,380 

4 5 

19 1 

41 0 

11 

L. W 

F 

51 1 

3,618 

71 8 

2 365 

4 6 

17 8 

39 5 

12 

R. 

F 

53 4 

3 415 

65 4 

2,280 

4 7 

20 4 

43 0 

13 

DelL 

F 

50 7 


69 0 

2,385 

4 1 

19 2 

39 5 

14 

s. 

F 

54 8 

3,185 

60 4 

1,990 

4 6 

18 3 

40 2 

15 

N 

F 

58 6 


62 8 

2,260 

4 4 

20 9 

41 5 

16 

Rv 

F 

63 2 

wEm 

68 9 

2 480 

4 5 

17 6 

40 0 
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individuals (table 2) We have been unable to detect any alterations 
in the blood volume due to the menstrual cycle m normal women 
The abdity to estimate carbon monoxide m blood with an accuracy 
of about 0 1 volumes per cent is of advantage because it reduces the 
amount of gas which must be admmistered m order to obtam a suffi- 
cient blood concentration for satisfactory blood gas analysis Amounts 
m excess of 200 cc have been used by Haldane and by Douglas, and 
about 150 cc by Plesch (13) and by Salvesen We use from 90 to 
110 cc for the normal adult of average weight, and proportionately 
less for hghter mdmduals We have summarized the results obtamed 


TABLE 3 

Comparison of average results for tite blood volume obtained by various observers, using the 

carbon monoxide method 


Author 

'os 

SB 

Amount 

of 

Miring 

tune 

Blood volume 

Blood volume 

fa 

“ 

gas 

inhaled 

Man 

mum 

Mini 

mum 


Mmi 

mum 

Averege 



cc 

minutes 

cc 

cc 

ce per 
kgm 
body 
imihl 

cc per 
ksm 
body 
veishl 

ec per 
tim 
body 
vettbt 

Haldane-Smith 

12 


3 

4,450 


62 7 

39 5 

47 8 

Douglas 

2 

Mk ffi 


5,583 

4,637 

79 8 

71 7 


Pike’s Peak expedition 

4 

BSij 


4,821 


No weights given 

Plesch 

8 

±175 

16-34 

4,737 

laBiH 


50 2 

53 2 

Smith et ak (14) 

6 

±4* 

KSM 

4,633 

3,875 


62 6 

68 1 

Salvesen 

6 




3,464 

69 9 

52 3 

59 5 


* Cubic centimeters per kilogram body weight 


by other observers (table 3) Haldane and Smith, and Douglas 
made analyses of carbon monoxide m blood with the method of 
carmme titration, a procedure which others have found unsatisfactory 
The methods used in the present study for the analysis of carbon 
monoxide in blood are so sensitive that the quantities of the gas which 
are mhaled and fixed m the hemoglobm m subjects who are only 
moderate tobacco users may mtroduce considerable error if not 
properly corrected by a pre limin ary control blood analysis The 
blood of persons remainmg mdoors aU day m the wmter, especially 
m bmldmgs heated with soft coal also may contam very appreciable 
amounts of carbon monoxide even if smokmg is not mdulged m 
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Such a preliminary cxammation of the blood for combustible gas is 
therefore highly desirable and has m fact been made in most of our 
estimations and alwaj s where there was any reason to suppose that a 
contaimnation might exist 

sohrceS of error in the technical procedure 

The measurement of the amount of carbon monoxide inhaled may 
be made with a probable error not exceedmg 0 5 cc The average 
amount of gas used is 100 cc , so that the greatest error is 0 5 per cent 
The amount of carbon monoxide m the blood sample can be estimated 
with an error of about 0 1 volumes per cent Duphcates usually 
agree within 0 06 xolumes per cent Smce the amount measured is 
ordmanly between 2 and 3 volumes per cent, the maximum error is 
between 3 3 and 5 per cent These errors are not likely to be additive 
Consequentlj the maximal error m the technical procedures does not 
exceed 5 per cent and is probably less 

The amount of gas left m the bag and absorbing bottle is verj' small 
It appears to ha\ e been neglected by the earher workers (Haldane and 
Smith, Douglas) A somewhat elaborate procedure was worked out 
by Salvesen for its correction We have preferred to standardize 
our technique by teduang the oxygen content of the inhaled mixture 
as’much as possible and by reduction of the dead space of the breath- 
ing system Numerous gas samples taken toward the end of our 
experiments have yielded values between 0 015 and 0 03 per cent 
carbon monoxide The volume of the system (bottle, bag and tubmg) 
IS approximately 1500 cc , and to this must be added the pulmonary 
volume and dead space, say about 3000 cc , or in all 4500 cc The 
maximum carbon monoxide gas unabsorbed therefore in our expen- 
ments is 1 35 cc and the minnnum is about 0 7 cc If 1 0 cc is sub- 
tracted, therefore, the maximum error should not exceed 0 33 per cent 
in a total carbon monoxide absorption of 100 cc We beheve at- 
tempts at closer approximation arc unnecessary as well as fallaaous 
unless the phase of respiration at the moment of taking the gas sample, 
and the exact lung volumes are also known Due to mouth breathing 
in persons unaccustomed to a nose chp, the tidal air may well be 800 cc. 
or even 1000 cc , about 20 per cent or more of the xolumc of the total 
system At first we used a small rccordmg spirometer in order to be 



400 


cajr:bon monoxide method for blood volume 


able to measure the amount and phase of the respirations very accur- 
ately, but it shortly became evident that this procedure was unneces- 
sary 

DISCUSSION of the METHOD 

The most important objections which have been raised agamst the 
use of carbon monoxide m measuring the circulatmg blood volume are, 
m the first place, the unknown loss which may occur due to diffusion 
from the blood mto the hemoglobm of the muscle, and, m the second 
place, the uncertamty as to the umformity of distnbution of the gas 
among the blood corpuscles themselves The latter question really 
resolves itseK mto the problem of the evenness of distnbution of 
erythrocytes with respect to plasma throughout the arculation, for it 
is hardly conceivable that even distnbution of the gas m the hemo- 
globm of the erythrocytes themselves is mcomplete after twenty 
mmutes Unfortunately, it is not possible at the present time to 
give a defimte answer to either cnticism, but we think it is possible to 
define the maximum error which may thus be caused m blood volume 
estimations If this source of error is kept m mmd, it is clearly vahd 
to apply the techmque to studies in normal and pathological condi- 
tions 

The question of the identity and quantity of hemoglobm m muscle 
has occupied the attention of physiologists for many years Ges- 
cheidtlen (15) long ago mdicated that muscle hemoglobm does not 
exceed 5 per cent of the total blood hemoglobm, and a value of this 
magmtude has been commonly accepted Whipple and his co- 
workers (16) now state, however, that the total muscle hemoglobm m 
dogs may amount to from 10 to 80 per cent of the curculatmg hemo- 
globm They beheve that “muscle hemoglobm is concerned with the 
rapid exchange of oxygen and carbon dioxide between the blood and 
contractmg elements ” 

Without entermg mto a discussion of these figures, or of the tech- 
mcal procedures on which they are based, it is evident that an mdex 
of the amount of carbon monoxide which will diffuse mto muscle from 
the curculatmg blood may be obtamed by a study of the drop m 
carbon monoxide concentration m the blood which occurs m the tran- 
sition from rest to vigorous muscular exercise The capfflary bed m 
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the working muscles under these conditions is increased many fold, 
and contains a much larger proportion of the arculaUng blood 
volume, while at the same time the blood flow is greatly augmented 
Under such arcumstances complete saturation of muscle hemoglobm 
should occur, the carbon monoxide concentration in the blood should 
drop, and the figure obtained for blood volume must be higher by the 
amount which has diffused into the muscle tissues The mcreased 
cardiac output per mmute with exercise will produce more even 
mixin g of the cells 

For the reason just mentioned six eierase experiments on four 
normal subjects were performed in the following way after a penod of 
thirty mmutes of complete rest Each subject, sitting at ease on 


TABLE < 

Thi e^cd of txerast on the appartnt Mood votume and ptrttiua^e of carbon monoxide 
tn Ifie blood 


Dit« 

Sobl«ct 

RoU^blood 

After cxtrdM 
' blood CO 

PcnzfitUi 
duiDfo in 
blood velaist 

November 16 

a a c (a) 

ttlaom P€f uni 

2 08 

1 w 

+7 1 

January 3 1 

a c c (b) 

2 SO 

2 41 

+7 3 

November 18 

G A- a (a) 

2 52 

2 46 

-K 9 

December 31 

G A a tb) 

2 25 

2 09 

+6 6 

November 22 

E H 

2 40 

2 32 

-hi 3 

November 30 

GG 

2 76 

263 

+2 6 


a bicycle ergometer, inhaled a measured amount of carbon monoxide 
through a circulatmg system provided with valves and soda hme 
Blood samples for carbon monoxide analysis were taken at the end of 
fifteen and of twenty mmutes These had the same carbon monoxide 
content mdicatmg that a condition of cquiUbnum must have been 
reached The subject, still breathmg into the closed system, then 
exercised very vigorously with arm and leg muscles for six to ten 
minutes At the end of this time a final blood sample was taken for 
analysis 

In three of these expenments (table 4) the change m carbon mon 
oxide concentration after exerase was so shght as to be within the 
limits of error of the method, whereas m the other three, a just appro- 
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aable although definite drop occurred This may be mterpreted as 
due to shghtly more complete diffusion of the gas mto the muscle 
hemoglobm, or, on the other hand, to the additional red blood cell 
mass thrown from the spleen mto the circulation with exercise, which 
Barcroft (17) estimates may amount to about 200 cc m the normal 
mdividual, or about 4 to 5 per cent of the whole blood volume The 
stnkmg pomt is the extraordmanly shght change m the concentration 
of carbon monoxide m the blood produced by exercise 

The results offer no support to the suggestion that the carbon 
monoxide method gives results which are too low because of mcomplete 
nuxing m the smaller vessels contammg an axial stream, and m which 
there is stagnant plasma m the “stiU spaces” at the penphery (18) 
With severe exercise more complete mixing should take place, but smce 
no significant change occurs it seems clear that complete mixing 
must already have been accomphshed 

The fact seems to be estabhshed that the effect of exercise is m 
fact not dilution but concentration both of erythrocytes and hemo- 
globm, a result which is plausibly explamed if the red cell stores thrown 
out from the spleen and possibly from other sources is taken mto con- 
sideration The exercise experiments of Whipple and his co-workers 
(19), who found no change m blood volume after short exercise in 
dogs are m agreement with the above results Broun (20) found no 
sigmficant change m plasma volume, but an imtial mcrease m cell 
volume and m “circulatmg blood pigment” as a result of bnef exercise 
With the exception of the work of Lmdhard above ated, we have not 
found any record of previous studies of the blood volume m man 
durmg exerase 

We believe that the experiments descnbed offer substantial evidence 
that the estimates of blood volume obtamed with the present tech- 
nique are maximal figures They are too high by the amount of 
carbon monoxide which has escaped mto the muscle hemoglobm 
There is no doubt that the twenty mmute rebreathing mterval has 
afforded qmte suffiaent tune for equihbnum to be reached with the 
muscle tissues Nevertheless we have avoided shorter mtervals 
because of the possibihty of mcomplete and uncertam mixing Several 
experiments were made m attempts to estimate the minimal complete 
mixmg time (fig 1) It is seen that the curves nse at different rates 
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although a plateau indicating complete mixing is reached m all at the 
end of fifteen to seventeen mmutes We have no explanation to offer 
for the individual differences m the mmng tune required and we have 
preferred to standardize our techmque by continiung rebreathmg until 
equihbnum is certainly established 
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Chart 1 Shows the Thie Reqoiked aitek Inhalation Coiounces to 
SeCHSE CoSffLETE JIlXTTOZ 

Each senes of designations r^tesents one experiment • Experiment I 
o Eipenmcnt II o Experiment IH 


The fact that nearlj all blood volume measurements m human 
subjects b> the dye methods are from 20 to 50 per cent higher than 
those obtained by the carbon monoxide method, even though the 
latter accordmg to the techmque which we have employed must be 
maximal values, may be explamcd m large part on the grounds of m- 
sufiiaent mixing of the dye in the blood, as Lmdhard has recently 
shown, in the bnef intenml usually allowed The escape of the dj e 
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mto the lymph and tissue flmds, as well as the activity of phagocytes 
may also be factors of importance (21) 

SUMMARY 

1 A method for the estimation of the circulatmg blood volume m 
man is described It consists m the inhalation of a measured amount 
of carbon monoxide and the subsequent estimation of its concentration 
m the circulatmg blood The maximal error m the technical pro- 
cedures mvolved does not exceed five per cent 

2 The circulatmg blood volume has been found by this method 
m sixteen normal mdividuals to he between 60 4 and 75 5 cc per 
kilogram of body weight 

3 The arculatmg blood volume when expressed as cubic centi- 
meters per square meter of body surface m these mdividuals vaned 
between 1990 and 2860 cc 

4 The sources of error of the carbon monoxide method are dis- 
cussed and the probable reasons are stated for the discrepancies m the 
results as compared with those of the dye methods 
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THE CrRCULATING BLOOD VOLIINIE IN DIABETIC 
ACIDOSIS 


By H C CHANG," GEORGE A. HARROP, Ju , ajtd B M SCHAUB 
(From the ifedical Clinic oj the Johns Uoplnns Eospitol ani Uniitrsily, Ballimon) 

(Recd%*cd for publication Novanber 21, 1927) 

The clinical evidences of dehydration which are present during 
severe aadosis in diabetes melhtus raises the question as to whether 
alterations may occur in the volume of the circulating blood Such 
alterations, if present, would influence the apparent concentration of 
various blood constituents in aadosis and would be of pathological 
significance in several particulars It seems hkdy that a marked re- 
duction in blood volume, particularly plasma volume, would have some 
beanng, mechamcally, on the occurrence of heart failure It may also 
cxplam in part the occurrence, frequently observ ed, of renal irritation 
and msuffiaency m diabetic coma The termmal anuna, usually 
asenbed to lowenng of the blood pressure, may also m part be due to 
a snmlar cause Studies of the concentration of the plasma proteins, 
however, or of other blood constituents (1), have not certainl) demon- 
strated alterations m the blood concentration, and we are not aware 
of previous attempts to measure the actual blood volume in this con- 
dition We have therefore undertaken astudy of the arculatmg blood 
volume in diabetic aadosis and the effect of treatment upon the blood 
\olumc The techmquc for the detcrmmation of blood volume de- 
senbed in a previous commumcation is cspeaallj suitable for such a 
study and has been used here (2) 

It has appeared to us that the character of the cases studied m an 
investigation such as this is of great importance and that m order to 
ascertain as far as possible the effects of diabetic addosis alone, other 
possible complicating factors must be ngidly excluded Circulatory 
disorders, arteriosclerosis, renal disease, inflammation, and fever may 
haic important effects The number of cases presented therefore is 
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small and mdudes only those of considerable seventy m young 
mdmduals without any chmcal evidences of renal or arculatory 
disease The prmapal mcitmg cause of aadosis m each case chosen, 
so far as could be ascertamed, was dietary Cases with mfection or 
fever have been avoided Three of the cases had had evident symp- 
toms of diabetes for less than six months, and had not until admission 
received msuhn or sustamed medical attention The patient I K 
has been treated m this chmc for three years and has had known 
diabetes for about that penod The patient E had been adnutted 
to the Johns Hopkms Hospital m coma on two previous occasions 
He has had diabetes for two years No attention had been paid by 
any of these patients, with the exception of E , to the flmd mtake be- 
fore admission 

The general plan of study has been as follows The first estimation 
of the blood volume was made immediately upon admission of the 
patient to the ward A portion of the prelimmary blood sample 
drawn for a control estimation of the amount of carbon monoxide 
present m the blood was also utihzed for measuring the blood sugar 
and plasma bicarbonate capacity as well as the oxygen capaaty, 
red blood cell count and cell volume The estimation was made at 
once before any treatment was instituted m order not to delay unduly 
the prompt admimstration of msuhn and the employment of other 
measures One or more subsequent measurements were then made 
dunng or after recovery as are mdicated in table 1 The later deter- 
mmations were delayed until complete recovery from acute acidosis 
was assured and the patients appeared to be m a state of equihbnum 
so far as diet and insulm dosage and freedom from glycosuria were 
concerned The onginal degree of acidosis was always well marked, 
as IS mdicated, but it was deemed unwise to attempt studies on 
cases of frank coma presenting definite and urgent mdications for 
emergency treatment 

The results obtamed upon the five patients studied, together with 
the essential dmical data were similar m each of them, differmg only 
m degree (table 1) It will be noted that recovery from aadosis was 
assoaated m each with a distinct nse m the blood volume, which m 
one case mcreased nearly 25 per cent At the same time there was a 
diminution in the oxygen capaaty of the blood, in the percentage cell 
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volume, and, m general, a reducbon m the erythrocyte count It 
would seem that some relation exists between the degree of hyper- 
pnea and the concentration of the blood, as well as the length of tune 
dunng which aadosis had existed pnor to treatment The treatment 
consisted of the ordinary nursmg measures together with the use of 
large doses of insulm, carbohydrates and fluids In severe cases the 
flmds given amounted to as much as 8 or 10 per cent of the body 
weight per twenty-four hours The fluids were given by mouth, 
by rectum, and subcutaneously, but m none of these patients were 
fluids admimstered intravenously It would have been of interest 
to study the changes in blood volume resulting dunng the penod of 
edema which is sometimes seen in poorly nounshed mdividuals dunng 
recovery from severe diabetic toxemia, cspeaally when the diet and 
particularly the carbohydrate ration is very low None of the present 
cases, however, became edematous Edema is m fact extremely rare 
m this chnic in the absence of manifest circulatory complications 
Wo attnbute this to the fact that care is taken to resume adequate 
balanced diets as early as possible, with sufficient msuhn, and also 
to the fact that no sodium bicarbonate or other alkalies are used in 
the treatment 

The generalisation is frequently made, and it is supported by a 
certain amount of evidence, that acidosis results in a loss of water 
from the body In starvation this has been found to be assoaated 
with a depletion of base (3) The diuretic effect of ammonium 
chlonde and of calaum chloride, to quote one example, is supposed to 
depend on the production of aadosis (4) It may be considered 
probable, therefore, that the blood shares in the dehydration of the 
other tissues dunng severe diabetic aadosis 

The results obtained in this study arc somewhat at vanance with 
those reported by other authors who have studied the blood volume 
after admimstration of insulin (5) The injection of msuhn m ammals 
IS stated to produce a diminution of the blood volume Its effect m 
human diabetes is certainlj to relieve aadosis, and, as we have found, 
apprcaably to inacase the blood volume after recoverj' In each of 
the cases reported in this paper large quantities of fluids have, how- 
ever, also been giv cn in the treatment of the aadosis and this may 
possiblj counteract the tendenej of msuhn to reduce the blood 
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40 0 

39 8 

37 0 
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40 0 
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1 

17 8 
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18 2 

1 5 2 

4 9 
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4 5 
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71 0 

47 7 

60 0 

68 0 
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2 250 

2 360 

2,520 

1 

2,460 

2,890 

4,190 

4,760 

Moderate aadosis. Moderate dehydration. No 
hj’perpnca. Abrupt onsSt of tymptoma 

Six day 1 la ter Rapid recoyoy on restricted diet and 
low dosage of insulin No dehydration. No gly 
cosQiia 

Twenty dayslatcr Diet and insulin defeage now well 
regulated. Read) fordlscharge i 

Moderate acidosis. Well marked dehydration. 
Modcratehyperpnea. SyraptomiforJdayB. No i 
vomiting | 

Twent> three days later A very severe diabetic, 
responding slowly to treatment, requires 75 units 
iosnlm per daj Now no glycosuna 

1 Marked addosU and desiccation. Well marked hy 
pcipnea, S>Tnptoms for 5 da>*». No vomiting 
Has been taking considerable fluids by mouth 

Thirty days later, no glycosuna on maintenance diet 
plus 35 units insulin. No appearance now of dcslc 
catkm. Gam In weight of 4 kgm. 
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volume, if such is really its effect, m acidosis There is other evi- 
dence, however, on the basis of changes in concentration of blood 
protems which has been interpreted as indicatmg dilution of the blood 
after msuhn m diabetic acidosis (6, 1) The effect of glycosuria alone 
m producmg diuresis and dehydration has not m our expenence 
resulted in reduction m the blood volume m diabetes 

Another factor m the production of dehydration m diabetic acido- 
sis, and probably m the reduction m the arculatmg blood volume, is 


TABLE 2 

Changes %n plasma and m cell volume dttrtng recovery from actdosts 


Case 

Total 
circulat 
mg blood 
volume 

plasma 

B 

Clinical condition 


cc 

cc 

cc 


E f 

4,980 

2,945 

2,035 

During aadosis 

1 

5,230 

3,420 

1,810 

After recovery from aadosjs 

f 

2,980 

1,690 

1,290 

Dunng aadosis 

R E \ 

3,390 

2,035 

1,355 


1 

3,570 

2,145 

1,425 

After recovery from aadosis 

f 

2,250 

1,350 

900 

Dunng aadosis 

D B 1 

2,360 

1,415 

945 


1 

2,520 

1,585 

935 

After recovery from aadosis 

IK / 

2,460 

1,245 

1,215 

Durmg aadosis 

1 

2,890 

1,620 

1,270 

^ After recovery from aadoas * 

T L / 

4,190 

2,180 

2,010 

Dunng aadosis 

1 

4,760 

2,855 

1,905 

After recovery from aadosis 


the loss of water which must occur from the lungs during hyper- 
pnea On the basis of the moisture content of air saturated at 37°, 
the normal adult excretes from the limgs about 500 to 1000 cc of water 
per twenty-four hours Dunng severe hyperpnea the respiratory 
exchange may be readily mcreased four to six fold with a proportion- 
ate mcrease m water loss through this channel The total loss suffered 
m this manner, therefore, may readily amoimt to as much as five 
liters per twenty-four hours There is every reason to suppose that 
in coma (cases of which we have not studied) this effect will be very 
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marked and tlint the alteration of the circulating blood volume will 
m consequence be i ery great 

Table 2 gives in summary the plasma and cell volumes as calculated 
from hematocnt estimations It will be noted, as was to have been 
expected, that the blood volume changes are chiefly due to changes m 
plasma volume, the volume of the cells bemg practically unchanged 
The relationships are recorded graphically in the chart (fig 1) 
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During diabetic aadosis unaccompanied by any other known 
complicating factor, a well marked dunmution in the arculatmg 
blood volume was found in five mdividuals 
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This dunmution was accompanied by a cdrrespondmg mcrease in 
the oxygen capaaty, the cell volume, and in the erythrocyte count 
of the blood 

The reduction in the blood volume was chiefly a reduction m 
plasma, the ceU volume remairung intact 
After complete recovery from the acidosis the blood volume m- 
creased to within the normal hmits, as estimated m the preceding 
paper 
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In recent years much mterest has attached to the r61e of high protem 
diets in the production of renal lesions Newburgh (1) found varying 
degrees of tubular injury in rabbits fed egg white, casern or soy bean, 
but he desenbes no glomerular lesions Sqmers and Newburgh (2) 
found albumm and casts and red cells in the unne of hypertensive 
patients after feeding high protein diets Newburgh and Clarkson 
(3) desenbed ddatation of the tubules and some shght scarnng of the 
glomeruh in rabbits after feeding 37 per cent lean beef for 6 to 12 
months In 1923 Polvogt (4) found degeneration of the tubules and 
some glomerular damage in rats on diets containing 31 to 41 per cent 
protein Evans (5) produced both glomenilnr and tubular damage 
in rats with high protem diets but the diet was defiaent m both vi- 
tamins and salts Osborne and Mendel (5) describe tubular and glo 
merular lesions m high protem rats but the lesions were very shght 
except for a few animals over 400 days old, and furthermore similar 
lesions were found in animals of the same age on low protein stock 
diets They do not claim to have produced nephritis 
On the other hand, Osborne (7), Drummond (8), Reeder (9), Miller 
(10), Jackson (11), Addis (12), and Kennedy (13) have all failed to 
produce significant renal lesions by feedmg large amounts of protein 
to intact animals over a considerable penod of time 
Moise and Smith (18) report their findmgs on 200 rats, from which 
one kidney was removed pnor to their being put on high protem diet 
The ammals were 120 days old at the start of the experiment The 
diet contamed 85 per cent casern and was otherwise adequate for 
growth The experimental penod lasted from 3 to 150 days They 
report that after 90 days all the animals showed significant changes 
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in both the glomenih and the tubules There was prohferation of the 
Bowman’s capsule, serum in the capsular spaces, adhesions between 
the capsule and the tuft, and occasionally hyahne casts m the often 
dilated and degenerated tubules They found further that the rats 
on normal diets excreted from IS to 35 mgm albumm m the urme a 
day, while those on high protein diets excreted from 30 to 63 mgm a 
day They suggest that much of the previous difference of opmions 
between various authors could be explamed on the variable age of the 
animals used, as they find that the younger ammak are more resistant 
to the toxic action of dietary protem than older ones 
In this paper we wish bnefly to report the findmgs m a senes of 
white rats kept on a diet contammg 76 per cent casern for periods of 
from 2 to 17 months after the removal of one kidney The senes is 
admittedly small Eighteen rats from 2 to 8 months old had one 
kidney removed and were then placed on adequate diets contammg 
76 per cent casein and descnbed in a previous paper (11) Two rats 
as controls were placed after nephrectomy on standard diets contam- 
mg 18 per cent casern At mtervak the vanous rats were placed in 
mdi\n.dual metabohsm cages and their unne examined for albumin 
and casts The ammak’ weight was penodically recorded At the 
end of the expenmental penod they were killed, the organs were 
fixed m Zenker’s solution and stamed with eosm methylene blue 
Blood was collected at the termmation of the expenment and the non- 
protem mtrogen determmed Eleven of the rats were on a high 
protem diet for a year or more, yet the degree of renal damage could 
not be entirely satisfactorily correlated with either the age of the rat 
or the duration of the expenment Rats 1, 2, 3 and 4 showed by far 
the most serious lesions In aU of these were found marked dilatation 
of the tubules throughout the kidney substance with flattemng of the 
hmng epithehum, moderate to severe fibrosis of practically all of the 
glomenih with hj^ahne changes and occasionally vacuolization within 
the tuft, and scattered areas of tubular damage with subsequent 
cellular regeneration In a few places hyahne deposits were found m 
the tubular epithehum The glomenih were often adherent to the 
capsule Casts were present m great numbers The glomenih were 
often nearly devoid of blood celk Pigment was found frequently 
in the tubules and occasionally in the interstitial tissue Round cell 
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infiltration was common On the other hand, rat 8 was on the diet 
longest (17 months) yet showed very few renal lesions 
The non protein nitrogen of the blood in the 18 rats on high protem 
varied from 40 to 160 mgm per 100 ml In but 2, however, was it 
above 55 mgm — a figure often equalled and sometimes surpassed in 
animals with intact kidneys on a 76 per cent casern diet (11) Rats 


• Rau on standard diet ol 18 per cent 

5, 7, 8, 9, 14 and 16 showed very few if any renal changes Rats 6 
10, 11, 12, 13, 15, 17 and 18 showed lesions sunilar to those in rats 1 2 
3 and 4, but of very much less extent In fact, the glomerular leaons 
m these former rats might well be missed on casual observation whereas 
the picture m numbers 1, 2, 3 and 4 was that of an advanced chrome 
glomerular nephritis. In none of the ammals did we find the exten 
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Sion of the renal epithehum into the capsular space mentioned by 
Moise and Smith 

Though apparently healthy, a few of the rats lost weight The 
majonty showed mcreased unnary albumm, m one case as high as 591 
mgm a day Four rats showed no mcrease of unnary protem over the 
normal and of these three were on the experimental diet over 120 days 
Nearly aU ammals showed casts The average hypertrophy of the 
remaining kidney m the high protem group was 136 per cent The 
average hypertrophy m the two standard diet rats was 100 per cent 
As has been mdicated, the extent of renal mjury apparent at autopsy 
differed markedly from animal to ammal In some, the tubular 
damage was considerable while the glomerular damage was msig- 
nificant or wantmg In others, the lesion was mainly glomerular 
In some, no lesion could be demonstrated other than an occasional 
dilatation of the tubules It would seem that the tubular damage 
was the first to be produced and that the glomerular damage was a 
natural sequel or a later event We can offer no more satisfactory 
explanation of these variations than age together with a varying 
mdividual susceptibihty of the animak, and it is noteworthy that 
rats 1 to 4 mclusive came from a different stock from the rest of the 
animals In general, however, we agree with Moise and Smith that 
age IS an important factor 

The glomeruh seem to mcrease m size shghtly above the normal but 
it would appear that the glomeruh also increase in size with partial 
nephrectomy and normal diet The glomeruh of rats on high protein 
diets averaged 0 084 mm at the onset and 0 117 at the end of the 
experiment, an mcrease of 36 5 per cent The glomeruh of rats on 
normal diets averaged 0 084 mm at the onset and 0 109 mm at the 
end of the experiment, an mcrease of 24 0 per cent 

That renal lesions have been produced is certam The relation 
of the production of these lesions by such violently abnormal diets to 
the problem of human nephntis is quite another question Severe 
nephritis waa undoubtedly produced m four animals In the re m a in - 
mg 14 the lesions were relatively msigmficant yet these rats all 
excreted through their remainmg kidney on the average 1 2 gram of 
mtrogen a day for about a thud of their lifetime For a healthy man 
of 70 kgm with two kidneys to duphcate this experiment he would 
have to mgest approximately 44 pounds of meat a day for 20 years 
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Winter (14) reports fen analysis of 237 cases of solitary kidney in 
nan Compensatory hypertrophy was almost always present Of 
he 237 cases 171 were sound or merely enlarged 21 had nephntis 
Inders (15) found 16 cases of nephntis in 61 cases of smgle kidney 
danson (16) reports 3 cases of smgle kidney and m all 3 cases the 
emaining kidney was normal Lyons (17) reports 2 cases with 
he remaining kidney normal At the Boston City Hospital there 
lave been 12 cases of congenital absence or congenital atrophy of one 
-idncy In 8 of these the remaining kidney was normal In the 
emainmg 4 there was some evidence of chronic nephntis, though in 
10 case was the process the cause of death 
It would seem that nephntis is rather more hable to develop in 
angle human kidnejs than when both are present, and from the 
iresent work and that of hloise and Smith it would seem wise to 
ivoid a large excess of dietary protem when one kidney is absent or 
■narkcdlj diseased 

CONCLUSIONS 

Our cxpcncncc with a small senes of rats from nhich one kidney 
liad been removed confirms the results of hloise and Smith m that a 
high dietary protein has produced at least some and often very severe 
damage to the remaming kidnei 

We Mould agree with hloise and Smith that older animals are more 
liable to this damage but we feel that individual susceptibihty is a 
very real factor in determining the degree of damage 
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Fio 1 Rat 2 Showing Dilatation of Tubules and Round Cell 
Intiltration X 100 
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Fig 3 Rat 2 Hvaune Deposit in Scarred Glouerolds y 320 
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Fig 5 Rat 6 J acuolization Sell in JIanv Glomeruli x 450 





THE EFFECT OF ANTI-RHEUMATIC DRUGS ON THE 
ARTHRITIS AND IMMUNE BODY PRODUCTION 
m SERUM DISEASE 

Bv CLIFFORD L. DERICK, CHARLES H. HITCHCOCK, ASt> HOMER F SWIFT 

CFftfm thi Hospital of the RsKhefeiter Institute far Ifedical Research, Ncta York Otv) 
(Received for publlcetron Jannarj 13, 1928) 

Serum sickness, the group of symptoms which follows the adminis- 
traPon of foreign serum to human bemgs, was first extensively ob- 
served and recorded chmcaUy by Von Pirquet and Schick (1) and 
later by other groups of workers These studies concerned themselves 
entirely with the climcal and serological aspects of the disease, but up 
to the present httle or no attempt has been made to obtam a method 
of treatment to prevent or lessen the seventy of this illness The 
present study was undertaken, therefore, with this m view This 
work was suggested by the findings of Boots and Swift (2), who 
showed that m patients with serum sickness the mvolved joints con 
tamed a cellular exudate m which the proteins of the horse serum 
could be demonstrated They also pomted out that sahcylates had 
httle effect upon the course of the illness when administered after the 
onset of arthntis 

Dunng the past two years we have studied the serum-treated 
patients m this Hospital to detemune, first the influence of the early 
institution of anti-rheumatic therapy upon the course of the disease, 
and, second the effect of such therapy upon the antigen and antibody 
content of their sera 

Neocmchophen, because of its anti-exudative mfluence m acute 
rheumatic fever (3) and the ease with which it is tolerated by patients, 
was employed m the first twenty-five cases, it was replaced by aspirm 
m the last mne Dependmg upon the age and weight of the patient 
and his tolerance for the agent, neocmchophen was used m amounts 
of 8 to 10 grams daily, aspmn m doses of 5 to 6 grams Drug treat- 
ment was usually begun from 24 to 48 hours after the last scrum 
mjection, and continued for 10 to 14 days As the advantages of 
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early and prolonged therapeusis quickly became evident, this schedule 
was strictly followed with the exception of four instances m which 
either dosage or duration was msufficient As identical results were 
obtamed with both drugs, the two senes have been analyzed as one 
group AH patients were carefully examined daily for the appearance 
of lymphadenopathy, urticana and arthntis, and the signs and symp- 
toms, whether positive or negative, were charted along with the 
temperature and pulse records The degree of mtensity of the 
respective manifestations was recorded by usmg the — sign, or one 
or more + signs, accordmg to their seventy 

As different observers have reported vanations m the frequency of 
the mdividual manifestations of serum disease, we have thought it 
best to use as controls for this senes the mcidence of the vanous 
symptoms m the patients treated m this Hospital previous to the time 
of this study In this way the elements of dosage of serum and type 
of mfection — lobar pneumoma — for which it was given were constant 
The records of 65 such controls were analyzed and compared with 
those of 34 patients subjected to anti-rheumatic therapy In 30 of 
the latter, treatment was contmued for a sufSaent penod, m 3 others 
its premature cessation was m each mstance quickly followed by the 
development of arthntis One of these is represented as the case of 
severe arthntis m the column marked “Treated’^ of table 1, m one 
there was moderate and m another a shght arthralgia In a fourth 
patient, moderate arthntis developed because of insuflBcient, even 
though adequately prolonged, treatment 

Table 1 shows the frequency and seventy of arthntis in these two 
groups Of the treated patients, over 82 per cent showed httle or no 
arthntis as compared with only 50 per cent in the untreated group 
The percentages with moderately severe arthntis were about the 
same m each senes, i e , 14 6 per cent of the treated patients and 15 2 
per cent of the untreated Further, it will be noted that only the 
one patient mentioned above, who was msufficiently treated, or 3 
per cent of the treated patients, had a severe arthntis, compared with 
over 30 per cent among those untreated Thus, as is well shown in 
this table, the lessenmg m the frequency and seventy of the arthntis 
m the treated patients is qmte evident No companson as to the 
duration of jomt involvement m the two senes has been attempted 
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In table 2 is given the comparison of the degree and frequency of 
urticaria in the same two groups Of the untreated patients, 7 7 
per cent showed httle or no urticaria as compared with 118 per cent 
of those treated, 31 9 per cent of the untreated patients showed a mild 
to moderate urticaria as compared with 14 7 per cent of the treated , 


TABLE 1 

Ctmpansoa ofarihrltls In IreaUd and unlrcated palienti 


'DotretUd pitlcnt* ] 

^ Treated patient* 

Deere* of lertrity 

Nomber 

Per cent of tot»l 

Nomber 

Per cent of toul 


27 

40 9 ' 

22 

64 7 


6 

9 0 

6 

17 7 


5 

7 6 

2 

5 9 

++ 

5 

7 6 1 

3 

8 7 

+++ 

12 

18 2 

0 

0 

++++ 

8 

12 1 

1 

3 0 

No mention ' 

3 

4 5 




66 

ICWptrcoit 

34 

100 per cent 


TABLE 1 


Comparison of frtqitcncy and sroerlty of urticaria in treated and utUreaUd pallcnis 


Uotrated ptUeoU 

Treil«d patient* 

Decreo of urerfljr 

Nambet 1 

Pec cent of total 

j Nomber 

Percent of total 

— 

2 

3 0 


11 s 


3 ! 

4 7 


0 

+ 

11 i 

16 7 


5 9 

++ 

10 

15 2 


8 8 

4*++ 

24 1 

36 4 


' 29 4 

++++ 

16 

24 0 

15 

44 I 

Totals 

66 

100 per cent 

34 

100 per cent 


while 60 4 per cent of the first senes showed severe urticana as com- 
pared with 73 5 pet cent of the second 
Although there was httle difference m the frequency of urticana in 
the two senes, this symptom was more intense among the treated 
patients As shown m the table, the number of patients with severe 
urticana was 13 per cent less among thosenot receiving anU-rheumatic 
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drugs Whether these drugs, which are known occasionally to cause 
exudative dermatoses m susceptible mdividuals, may exert a synergic 
influence and thus mcrease the seventy of the exudation mto the Rlcin 
of patients with serum disease, is a question we cannot answer with 
certainty Such an explanation is, however, not unreasonable But 
m spite of this statistical eiadence, the great comfort resulting from 
the nearly complete ehmmation of arthntis more than counter- 
balances this undesirable effect 

Adenopathy was present with suffiaent frequency to demonstrate 
that the therapy was apparently without effect upon its mcidence 
As only rarely is it a source of discomfort to the patient, it will not be 
further considered Febnle reactions of varymg mtensity were quite 
regularly observed How far they were influenced by the well-known 
antipyretic effect of the drugs employed it would be unprofitable to 
conjecture at the present time 

As soon as it was evident that a defimte anti-arthntic influence of 
anti-rheumatic drugs could be demonstrated m serum sickness, it be- 
came desuable to determme whether there was any parallehsm 
between this phenomenon and the immunological manifestations of 
the disease 

The sera of twenty treated patients were therefore studied with 
respect to the ehmmation of horse serum and the appearance of anti- 
horse precipitin For this purpose blood was obtained as soon as 
anti-rheumatic therapy was mstituted, or just pnor thereto, and at 
mtervals thereafter of four to seven days dunng the remamder of the 
hospitahzation In a number of mstances it was possible to procure 
further specimens at varymg mtervals foUowmg discharge 

Smce the early studies of Hamburger and Moro (4) various ob- 
servers (5) have commented upon the antigen-antibody relationships 
m serum disease Longcope and Rackemann (6) observed that m this 
condition anaphylactm and preapitm for horse serum appeared m 
the blood stream shortly before recoveiy, and that the occurrence of 
antibody m high titer was accompamed by rapid dimmution or com- 
plete disappearance of the circulatmg antigen In the serum of 
patients who faded to develop serum sickness such antibodies were not 
found In their opmion the neutralization or destruction of the 
antigen by these antibodies was the determmmg factor m recovery 
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More recently Mackenzie and Leake (7), following a careful study of 
nineteen patients to whom serum had been administered, were able to 
distmgmi three types of serological behavior In the largest group 
were mcluded those mdividuals who suffered from severe serum 
disease, and m whose sera preapitm appeared Under these condi- 
tions the horse serum was found to disappear from the arculation 
near the end of the disease, at a tune when the preapitm was present 
m high titer In the second group were included a few patients who 
failed to develop serum disease, and in whose sera no preapitm could 
be demonstrated In these patients the antigen persisted m the blood 
stream for extended penods of tune The third group was inter- 
mediate its members, although suffenng from serum disease, pro- 
duced antibodies only in low titer, and antigen could consistently be 
demonstrated in thar sera, though m reduced concentration with the 
passage of time 

In spite of differing theoretical mterpretations, there has been no 
dispute concermng the actual serological findmgs of untreated serum 
disease It has therefore seemed permissible to ubhze the observa- 
tions of Longcope and Rackemann and of Mackenzie and Leake as 
controls upon the results reported in this study, espeaally as the 
amounts of imconcentrated serum administered were practically the 
same m the different groups 


METHODS 

Anti-sera were prepared b> doily subcutaneous injections into rabbits of tm 
diluted horse serum in doses of OJ cc. As soon as a precipitin titer of 1 40,000 
or better was obtamed the animals were exsanguinated, usually one week follow 
mg the final injection, and the sera were stored in the ice box without preserva 
tive. To avoid confusion from the possible presence of antigen in the blood 
stream at the time of bleedmg each serum was titrated m ascendmg dilutions 
against each of the others No serum was used with which any suspinon of 
clouding was observed 

To test for the presence of antigen (horse serum) in the patients sera, 0 J cc. 
of a mixture of equal parts of anti-serum and normal salt solution was placed 
into each of a senes of small tubes and the human serum to be tested was added 
in 0 2 cc, amounts in dilutions ranging from 1 2 to 1 200,000 All readings were 
expressed m terms of the final dilutions of human serum resultmg In view of 
the smalt amount of anti human preapitm present m most high titer rabbit 
anti horse sera, manv control senes were made with sera from healthy subjects 
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In addition, as a check against detenoration of the preapitin, normal horse 
serum was titrated against the anti'serum employed each day that tests were 
earned out The same anti-serum was always utilized for testmg the entire 
senes of bleedings from any given patient 

The same general technique was followed m testmg the sera of patients for 
the presence of antibody (anti-horse preapitm) Into each of a senes of small 
tubes was placed 0 2 cc of the imdiluted human serum, and normal horse serum 
w'as added m 0 2 cc amounts m dilutions rangmg from 1 2 to 1 200,000 Results 
were expressed m terms of the final dilutions of horse serum A control senes 
were alwa}'s employed m which serum from a normal human subject was tested 
agamst the same ddutions of horse serum 

All tests were meubated m the water-bath at 37°C for a penod of two hours, 
foUowmg which they were left over mght m the ice-box Readmgs were made 
upon the foUowmg mommg 

Usually the sera were tested withm a few days of the bleedmg A few speci- 
mens were preserved m the ice-box for penods varymg up to five weels before 
bemg titrated Several comparative observations revealed no significant dif- 
ferences m the results obtamed before and after the lapse of such an mtervalr 

RESULTS 

Witli respect to their immunological behavior, our senes of treated 
and serologically tested cases may easily be divided into three groups 
Of these the first corresponds with group 2 of Mackenzie and Leake, 
and includes those patients, four m number, m whom there was httle 
or no evidence whatever of serum disease The sera of these in- 
dividuals failed consistently to reveal the presence of antibody, and 
the titer of the antigen remamed at a high level throughout their stay 
in the hospital, showmg but a shght dmimution toward the tune of 
discharge Two of these four were observed at, mtervals foUowmg 
their discharge, in one case the antigen had disappeared from the 
blood stream at the end of three months, while m the other traces 
were stUl present at the end of two and a half months Antibody was 
not detected at any time Chart 1 represents a typical member of 
this group 

The second group, the largest of aU, compnses those patients, 
eleven m number, m whom signs of serum disease were mdubitably 
present, but who through adequate therapy failed to develop arthntis 
Chart 2 shows a t)q)ical example of this group Four of them failed 
to show precipitin during their hospitalization, while m three others 
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it was present during this penod only m evanescent traces In three 
more it was found to the extent of 1 40, while in only one instance was 
a titer of 1 250 reached In only one of the seven who developed 
antibody did this appear in detectable amounts pnor to the sub- 
sidence of the imtial urticaria The antigen (horse serum) titer m the 
serum remamed high throughout the entue penod, apparently quite 
uninfluenced by the development of small amounts of precipitm. 
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Chart 1 No Seruit Disease No Antibopt FoiatATiov 
Patient received 6 gra uplrin per day o\cr penod indicated 

toward the end of the hospitalization there was some dumnution m the 
figure, but no more than was observed m the cases of the first group 
Seven of these patients were observed at mten-als for three months 
foUowmg discharge, m five mstances there was complete disappear- 
ance of antigen by the end of this penod, while m the sixth case otilv 
traces were found The seventh patient still harbored demonstrable 
amounts of horse serum at this tune, hut at the end of two more 
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months this had vanished With a smgle exception, and that ques- 
tionable, precipitin was never demonstrated dunng the follow-up 
penod 

Into the third group may be placed five patients in whom arthritis 
of varying degrees of seventy developed 



Chart 2 Serum Disease, No Aethrixis, Low Antibody Formation 

Patient receii ed neoanchophen maximum 10 gm. per day Eacli large block rep- 
resents 5 gm 

In the first case there was present on three separate days a mild 
arthralgia characterized pnnapally by stiffness and vague pams, with 
but httle resemblance to the severe arthntis of serum sickness, hence 
there was a reasonable doubt as to whether the symptoms should be 
so construed At no time was antibody present m this patient’s 
serum and the antigen titer remained high dunng her hospitalization 
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Throughout the precedmg penod the antigen titer had remained high, 
immediately foUowmg the subsidence of the arthritis, however, a 
sharp drop was found to have taken place^ and three weeks later only 
traces of horse serum could be demonstrated At no time was it 
possible to detect precipitm This was the only occasion upon which 
arthritis of any seventy appeared in the face of adequate anti-rheu- 
matic therapy 

The other three patients suffered moderately severe arthntis as the 
result of msuffiaent treatment In each case antibody appeared 
closely upon the subsidence of the urticana, and at the time of the 
arthntis had reached a titer of about 1 400 Dunng the penod of 
the arthntis a sharp drop took place m the antigen curve, though it 


TABLE 3 

Relationship between development of antibodies and appearance of arthritis 



Nomber 

ot 

paUents 

Therapy 

Precipitin 

Ade- 

quate 

Inade- 

quate 

None 

1 4 to 

1 250 

1 400 
or 

higher 

No serum disease 

4 

4 


4 

0 

0 

Serum disease without arthntis 

11 

11 


4 

7 

0 

Serum disease -with arthntis J 

S 

2 


2* 

0 

0 

1 



3 

0 

0 1 

3 

Totals j 

20 

17 

' 3 

10 

7 

3 


* Arthntis very shght m one case 


never reached the base hne FoUowmg the arthntis the antibody 
titer remamed at 1 400 and m the case of one patient, shown on 
■chart 3, who suffered a relapse, it reached the figure of 1 4,000 
Both antigen and antibody disappeared from the serum of one patient 
by the end of a month, and from that of a second by the end of two 
months With one exception the formation of cuculating antibody m 
titer approximatmg 1*400 seemed to be the necessary condition for 
the development of arthntis The significance of this fact wiU be 
discussed below 

In table 3 are presented m condensed form the relationships m these 
drug treated patients between the existence of arthntis and the 
development of circulating antibody 
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DISCUSSION 

The foregoing observations have revealed two rather interesting 
phenomena Early, adequate and suffiaenUy prolonged administra- 
tion of aspirm or neocmchophen to patients who have received large 
amounts of anti-pneumococcus horse serum usually results m the 
prevention of one chmcal manifestation of serum disease — ^the arthntis 
Under similar therapeutic conditions there is a failure on the part of 
the patient to develop arculatmg antibodies m a concentration com- 
parable with that shown by unmedicated controls The conclusion 
seems justified, therefore, that there is some causal relationship 
between these two facts It is important that the drugs be started 
soon after the serum treatment is discontmued , for we have frequently 
observed the occurrence of severe arthntis when the drugs were not 
given until later, even though the patients were saturated to the 
point of toxiaty, and also when the medication was insuffiaently 
prolonged The chmcal effect, therefore, is somewhat different from 
that observed m rheumatic fever, in which a severe arthntis usually 
disappears shortly after the exhibition of full therapeutic doses 
The observations of Boots and Swift (2) indicate that the so called 
arthralgia is a true mflammatory process, or at least is characterized 
by the presence of cellular exudate m the synovial fluid It is mterest- 
ing, further, to note that not all of the chmcal manifestations of serum 
disease occur simultaneously, but that fever, adenopathy and urticana 
usually precede the arthntis In those rare cases m which there is a 
relapse of the serum disease the skm manifestations ordmanly differ 
from those seen m the first attack The pnmary skm rash is prac- 
tically always urticanol m nature, the second, if such occurs, is very 
finely macular or maculopapular, often situated about the hair 
follicles, apparently involvmg, therefore, some of the speaal organs 
of the skin rather than the skm as a whole In an occasional cose 
of the latter type which we have had the opportumty to study the 
preapitin titer at the time of the relapse has been distmctly higher 
than at the time of the first bout 

Opie (8) has shown that there is a rough paraUehsm between the 
intensity of the Arthus phenomenon and the concentration of pre- 
apitm in the sera of rabbits immunized either actively or passively 
to a soluble foreign protem He concurs with the opinion, expressed 
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by others, that the mflammatory process is a reaction to an irritating 
compound which is formed by the local umon of antibody and antigen 
Several years ago one of us (9) showed that sahcylate medication 
durmg the course of immunization partially inhibited antibody 
production m rabbits The present observations seem to mdicate 
that the two anti-rheumatic drugs used have a similar effect m human 
bemgs If, however, aU of the symptoms of serum disease were 
dependent upon the concentration of circulatmg antibodies it would 
be expected that drug treated patients would be practically free from 
any manifestation of the disease Such is not the case, hence another 
explanation is required 

In recent years the view has been gammg ground that the cells of 
the reticulo-endothehal system play the chief r61e m the production of 
antibodies Aschoff (10) and his co-workers have shown that not 
all of the cells of the body or even of the reticulo-endothehal S5^tem 
react similarly towards parenteraJly mtroduced particulate dyes or 
carbon particles Certam groups of cells take up these particles 
readily, other groups do not react until after a more prolonged or 
mtense exposure to the dye Those of the skm stam very readily 
with trypan blue It is probable that they absorb soluble protems 
contamed in foreign serum even more easily, and react by the produc- 
tion of antibodies Accordmg to the theory of sessile and free anti- 
bodies a certam concentration of antibodies must be attained m the 
cells before they are set free mto the tissue juices, and are detectable 
m the serum Coordmatmg our observations with this theory we are 
led to the foUowmg explanation of the observed phenonena The drugs 
so alter conditions that antibodies are discharged mto the blood 
stream m very small amounts or not at aU This effect might foUow 
either a lowered mtraceUular concentration or an altered permeabihty 
of the cell membrane It seems, however, that antibodies must exist 
m the cells, for at a certam time the tissues give evidence of the pres- 
ence of some imtatmg substance which probably results from the 
umon m the cells of antigen and antibody, m sufficient concentration 
In other words, the urticaria is an evidence of the active immunization 
of the reticulo-endothehal cells of the cutaneous tissue 

The fact that the arthritis m this disease appears later and practi- 
cally only when there is a fairly high concentration of antibodies m the 
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serum, suggests that the cells of the articular tissue must be passively 
sensitized with antibodies before they are m a condition to show an 
mflammatory reaction In other words, while the imtatmg substance 
that stimulates the mflammatory reaction may be the same m both the 
skm and 3 omts, m the case of the former it is the result of active 
immunization of the cells, while m the latter it is the result of passive 
immunization When for any reason this passive sensitization does 
not take place the patient remains free from arthntis Support is 
given to this theory by the type of dermatitis observed in relapsmg 
serum disease Here, agam, another type of cell seems to be mvolved 
than that taking part m the primary urticana, and, as above men- 
tioned, there is usually a concomitant high concentration of anti- 
bodies m the patient’s serum It is probable that the tissues of the 
skm mvolved m the relapse have been passively sensitized m the 
same manner as have those of the jomts 
Another possibihtj must be considered Dale and Hartley (11) 
have shown that when an ammal is mjected with a mixture of anti- 
gens the maximum time of immunization or sensitization maybe 
different for each mdividual antigen It is well established that 
serum contains several distmct antigenic protems, and it is possible 
that the urticana is attnbutable to a tone antigen antibody complex 
mvolvmg one serum protem and the arthntis to a sumlar complex 
mvolvmg another It is also possible that the depressmg mfluence of 
the drugs on antibody formation is more powerful agamst the more 
slowly fontung hypothetical arthrotropic antibody If this were true 
one would expect with a complex antigen such as horse serum to 
demonstrate two curves or a curve with two peaks, one at the tune 
of urticana and another at the tune of arthntis Such a complex 
curve IS rarely if ever found We are, therefore, more mchned to the 
theory of active sensitization of the skm and passive sensitization of 
the jomts as an explanation of the observed phenomena. 

SUiniARY 

1 If, imnjediately foUowmg the discontmuance of serum therapy, 
neocmchophen or aspum in adequate dosage is given to patients and 
contmued throughout the usual penod of serum disease, arthntis is 
usually prevented even though other manifestations of serum disease 
occur 
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2 The serum of patients treated m this manner usually fails to 
contam anti-horse serum precipitm, and only rarely shows a precipitin 
concentration above 1 40 

3 Usually a preapitm content of 1 400 is necessary before the 
patient shows arthntis 

4 The theory is advanced that urticana m serum disease is the 
result of active sensitization of the skm which is not prevented by the 
drug treatment, while the arthntis is the result of passive sensitization 
of the jomts which is inhibited when the circulating antibodies m the 
serum are kept to a low concentration by the anti-rheumatic drugs 
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LOW BASAL METABOLISM FOLLOWING THYROTOXICOSIS 

I Teuporaii\ Type wiXHOtrT Myxedema, with Special Rejebence 
TO THE R6le or Iodine Therapy' 

By WILLARD OWEN THOMPSON* Mm PHEBE K. THOMPSON* 

{From the Th^otd Clinic and iltlabclum Laboratory of the iSassachuselts General BospitaF) 
(Received for publication November 25, 1927) 

INTRODUCTION 

In following cases of toxic goiter for the past two years we have been 
much impressed by the frequency with which low basal metabohe 
rates occur after thyroidectomy Dunng this time (1925-1927), 
basal metabohsm below inmus 15 per cent was observed m at least 
one-quarter of the cases of toxic goiter treated in this hospital All 
such cases on record smee the clmic began m 1914 were then collected 
A study of the resultmg data revealed some striking facts, one of wbch 
was that about half of these low rates were only temporary m duration, 
the other half being of the type which, by way of contrast, we call 
permanent The correspondmg dmical pictures revealed that about 
65 per cent of the patients with permanent low metabohsm and 90 per 
cent of the patients with temporary low metabolism were for the most 
part apparently normal mdividuals, showmg neither signs nor symp- 
toms of myxedema ‘ The remammg patients showed climcal myx- 
edema, ranging m seventy from mfld to full-blown 
For the sake of convenience, this study of low metabohsm foUowmg 
toxic goiter has been divided into three sections, viz , 

1 Temporary low metabolism without rajicdema 

2 Permanent Ion metabolism without myxedema 


* This stud> was aided m part b> a grant from the Proctor Fund of the Harvard 
Medical School for the Studi of Chrome Diseases 

* Fellow of the Nabonal Research CounoL Research FcUou in Medicine at 
the Harvard Medical School and at the Massachusetts General Hospital 

* Research Fellow m Medicme at the Massachusetts General Hospital. 

* The term ‘mj-xedema is used to denote any degree of true thyroid defiaency 
which is chmcallv discernible It is not limited to the full blown typical picture 
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3 Myxedema 

a Temporary type 
b Permanent type 

• 

Sections 2 and 3 are dealt with in subsequent papers (1) (2) This 
paper is devoted to a study of the temporary t3q)e of low metabohsm 
without myxedema, with special reference to the r61e that lodme 
therapy plays m its production 

LITERATtrRE 

The only literature we were able to find with direct reference to 
temporary low metabohsm following treatment for goiter was m a 
statistical report by Jordan (3) on basal metabohc rates and their 
relation to end-results m thyroid disease She noted that a few cases 
of “bemgn goiter without hyperthyroidism” post-operatively showed 
an immediate drop m metabohsm to below minus 15 per cent, but 
without chnical evidence of myxedema These rates mvanably rose 
later to normal without treatment Eighteen cases or 3 3 per cent of 
a “primary hyperthyroidism senes” had post-operative rates between 
mmus 16 per cent and mmus 27 per cent Five only showed chnical 
signs of myxedema The other thirteen cases “later had higher rates 
without treatment ” No mention is made of whether there was com- 
adent lodme therapy or not Jordan suggests that the phenomenon 
IS due to “an adjustment of function” of the thyroid gland 

METHOD AND MATERIAL 

Basal metabohc rates were detenmned with the Roth-Benedict 
portable apparatus Aub-DuBois standards were used m the calcu- 
lations 

Included m this senes are 27 patients with toxic goiter who showed 
a drop in basal metabohsm following treatment to below ramus 15 per 
cent — our actual range bemg minus 16 to mmus 44 per cent — followed 
by a nse to the zone of plus or mmus 10 per cent or higher The low 
metabohsm was not accompanied by mjrxedema 

Table 1 gives an outhne of the basal metabohc and chmcal histones 
on those of the 27 patients on whom the data is not charted 
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Time oj onset and duration 

Although the tune of onset of tempwrary low metahohsm ranged 
from almost unmediately after treatment to several years later, it is 
evident from table 2 that practically all the cases appeared durmg the 
first 4 months of convalescence, about half of this number occurring 
withm the first month 

In 12 out of the 27 cases, only one low metabolism was observed, 
mainly due to the fact that at the time, no speaal interest was taken 
m this finding For this reason it is difficult to make any very accurate 
general statement regardmg duration By calculatmg the time elaps- 
mg from the standard normal metabolism precedmg the low rate to the 
one foUowmg it, it is possible, however, to state that m the great major- 
ity of mstances the low metabolism did not last longer than 1 to 4 
months In a few cases the duration was somewhat longer than this 
As IS shown later, the length of these penods of low metahohsm m 
many mstances could be regulated at will by lodme administration 

The sinking absence of myxedema 

Temporary low metabolism foUowmg thyrotoxicosis, m general, is 
not assoaated with clinical evidence of myxedema Out of 30 cases 
collected to date, 26 never had myxedema at any tune one (case 27, 
fig 4) had signs and symptoms suggestive of mild myxedema coma- 
dent with her first penod of temporary low metabolism but no such 
signs or symptoms with three subsequent penods of temporary low 
metabolism These 27 coses provide the matenal for this article 
The 3 others, dealt with m the article on myxedema foUowmg 
thyrotoxicosis (2), had signs and symptoms suggestive of mild thy- 
roid deficiency comadent with their penod of temporary low metab- 
olism, but later were symptom-free, although they agam developed 
a low metahohsm which as yet has not proved to be of the temporary 
type 

Given a low metabolism and that alone, one can not predict there- 
from what the clmical picture wiU be with respect to the presence or 
absence of myxedema Manj of the patients m this senes had as 
low a metabolism temporarily as is found m fuU-blown myxedema 
For example, cases 1 (fig 1), 2, 3, 4 (fig 6), 5, 6, 7 (fig 5), 8 and 27 



TABLE 1 

Tv,(nly seven cases showing temporary low metabolism without myxedema following thyrotoxicosis 
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Thyrotoxicosis for 6 months. 
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mos. Tremor 

No myxedema. Well 

Perfectly well No thyrotoxicosis 

» s -g 

- 1 

i^+i 1 |i 

1 1 |i 
‘‘Ui 1 1 ?i! 

1 1 til 

Mud thyrotoxicosis lor i years 
Small goiter Exophthalmos + 
Tremor + Loss of 10 pounds 

Much improved. No thyrotoxico- 
sis. No myxedema 

No change 

WcU 

WelL No myxedema 

Lugol's solution M XV daily 

Subtotal tkyroidcclomy 

Lugol B omitted. Started Kill V 
daily 

Changed to Lu^l b M. V daily 
Lugol s omitted 

« 1 

1 J 1 . 

^ S' 1 ” > 

1 ll ^ 1 1 

1 11 i 1 

« « I 1 I i 8 

« ‘3*' 5->\0 e-*” 

,2 ^ hJ ^ S3 hJ 

> id 3 ^ ^ 

=’ lllil f 

1 i|n| i 

i 11 8 “Its ^ 

“ £ 

6 j 6. 8, as ® a. 

D aDDS^M 3 

^3 M hJ 

55 1 

57 3 

56 2 
60 5 

58 7 
58 0 

00 © 00 0 ^ 

sas aa S !3S 

o to r- io 

5 5 '9 9 RS5K 

O CO o Q 'O 

to 00 o* oo r* 

■gfl SS g S'R [■ 

3 $ g s s?;s 

ri to »-i O ,-1 cs 

1+ 17 + + 

Qcom 'Oto 00 too 1 

,%++ ++ T +71 

1 + T 8 

December 11, 1926 
December 17, 1926 
December 21, 1926 
December 29, 1926 
Jarraaiy 26 1927 
April 1, 1927 

July 2 1927 

October 12 1923 
October 15, 1923 
October 20 1923 
October 22, 1923 

October 30, 1923 
August 7, 1924 

December 22, 1924 

August, 1925 
Nomnber 13, 1926 
December 12, 1926 

Apra 6 1927 

Apra 7,1927 

Apia 18, 1927 

Apia 21, 1927 

Apia 25, 1927 

Apia 30, 1927 

Juno 1,1927 

June 23 1927 

July 7 1927 

July 26 1927 

fi 

Il3 

^ o 

1 § 

b> O 

Its 

1 ^ 

|S de^a 

ih 

1 = 1 - 1 




TABLE \~~Conlinued 


450 


LOW BASAL METABOLISM 


-t-i 

o ^ 

§. 


S S* s 


s ^ 


:3 

•s s 

2 a- 
X 1 + 

*J M 

't? 

0) 

s 

o 

o R 
5^ o 

ft ^ 

vere 

Goiter 
Tremo 
1 year 

o 

> 

a 

a 

ta 

•o 

1 

=3 

■3:9 

3 O 

OJ 

CO 

M 

CO 

a :! 


I 

§ B c 

til 

^ ? s 

^ -g B 

to ts j-^ 


I^tStsAV 

£ 

«4 

■ce 


OO OOw*> O lOr-iON'O 

rOfO CStOVO CO v-(fOtOfO 

u^voioio 

9 Eina 



or^ (Mco'o '< 4 <'pcsco 

OOn -hOnOn On i^NOt^NO 

Ol^J 

o^ioqt^axaitwa 

^VJ 


CSM* OO C^I^OnCO 

•rl<cs lo^-^ ro 

++ +++ + i'll 


I ^ 2 

3 

•* Os o\ 
tJ* o ^ 

CN CN ^ - - 

On O' ^ M 

•»-4 ^ O CJ CsJ 

- - ^ *0 Ui U 

lo O g O V 

CN fO OJ g JD ^ 

3 ^ 3 « 

►=n H- » < (A) O O 


S ^ S S 

2 2 2 S S 

^ ^ ^ On 0\ ^ 

CS ^ •» •* ^ fO fNi , 

V flj c> 5^^ 

*0 rO O O ^ ^ ^ •» 

|gaa3ri§:::f' 

>>8SggJ^^ 

^iz:pR>2,>2,e<<r 


S >0 ^ 

C o ^ 

fi4 


j^qnmtxwQ 




Subtotal thyroidectomy 


AND PHEBE K THOMPSON 451 


c 



i 

a 

9 


■** -5 

a « 

a 


" '7^ 

ff 

5 

S Jj 


& 

B a 


•! 

ll 

+ 

0 ^ 

1 fi 

e 

■H 

ff. 

• 3''a " 

111 

c >> 

Hb 

O 

glsg 







> 


ii 

•o 


& 

5 


I SI 
I 

£ 4^ 

& w & 
9 PS 

a 


>% 



Lugol 8 M. V daily WelL Thouglit he felt better 

niien on Iodine 






TABLE 1 — Continued 


452 


LOW BASAL METABOLISM 



No thyrotoxicosis. Marked mental 
depression 
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(fig 4) had rates of minus 44, 38, 33, 25, 25, 24, 23, 21 and 21 per 
cent respectively, yet they showed no evidence of thyroid under- 
function 

Case 7 (fig 5) illustrates well the typical clinical picture present at 
the time of the low metabohsm When her metabolism was low (minus 


TABLE 2 

Time of onset and duration of temporary low metabolism without myxedema 


Number of 
cases 1 

Time of onset 

Durabos 

10 

Within 1 month after treatment 

1 to 3 months m 8 cases 

Not accurately known m 2 cases 

13 

1 

From 1 to 4 months after treatment! 

1 to 3 months m 7 cases 

4 to 6 months maximum m 4 cases 
Not accurately known m 2 cases 

2 

From 4 months to 1 year after 
treatment 

Not accurately known 

2 

Over 1 year after treatment 

4 months maximum m 1 case 

Not accurately known m 1 case 


TABLE 3 


Relation between type of loxtc goiter, type of treatment employed for thyrotoxicosis, and 
temporary low metabolism without myxedema 



Iodine 

only 

Subtotal 

thyroid 

cctomy 

Hemi 

thyroid 

cctomy 

1 

X ray, 
then 
subtotal 
thyroid 
cctomy j 

X ray 



On 

iodine 

Not on 
, iodine 

1 Not on 

1 iodme 

On 

iodme 

Not on 
iodine 

Number of cases of exophthalmic goiter 
Number of cases of toxic adenoma 

2 

17 

1 

2 

2 

2 

2 


14 to mmus 23 per cent) she had no signs or s3miptoms of myxedema 
There was no edema Her hair and skm were not dry She was 
sensitive to cold, but had been so before she developed thyrotoxicosis 
She was strong and energetic and not slowed up m any way She 
could do her own housework, cookmg and washmg, and care for two 
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children without fatigue In fact, she was exceptionally well and felt 
less nervous than when her metabolism was standard normal 
In case 1 (fig I) where the metabolism fell to the low level of ramus 
44 per cent, the absence of dmical evidence of myxedema apparently 
astonished the observers, as a note in the record states “Very hard to 
understand ” 



Fig 1 Mrs F A , Age 19 Lab No 2160 Temporarv Low Metabolic 
Rate Following X say Treahient (Y) and Iodine 
Therapy, tor ExopniHALinc Goitee 
No myiedema de^ite the low level of the metabolism (In this and sub- 
sequent figures, blacL areas denote Lugol’s therapy ) 

Injlticnce of type of Irealment employed for thyrotoxjcosts, iOtIh special 
reference to iodine therapy 

As shown m table 3, temporary low metabohsm occurs after treat- 
ment of thyrotoxicosis by x ray, by subtotal thyroidectomy, or even by 
hemithyroidectomy alone 

A few cases had no iodine at or near the time of the low metabohe 
rate (see fig 2 and fig 6 in study 11 (1) ), but in the great majonty of 
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instances the patients were on iodine during this penod A fact worth 
stressing is that temporary low metabohsm may occur after treatment 
by lodme alone, when there has been no destruction of thyroid gland 
tissue (see fig 7) 

It IS very important to know just what relation lodme therapy bears 
to these temporary low metabohc rates, for nearly all exophthalmic 
goiter patients (who constitute the great majonty of our senes) of 



norms 


Fig 2 Me. A F , Age 39 Lab No 2112 Temporaey Low Metabousm 
OCCDEEING 'WlTHOtrT lODINE THEEAPY EiGHT MoNTBB AFXEE X-EAY TeEAT- 
iiEOT (X) AND Subtotal Thyeoidectomy (aeeow) toe Exophthalmic 
Goitee 

No myxedema 

late years have been put on lodme preoperatively for the express pur- 
pose of lowenng the metabohsm, and this therapy is usually contmued 
for a considerable time after operation, when the mfluence of thyrotoxi- 
cosis has been markedly reduced by surgery 
In an effort to throw some hght upon the r61e this medication may 
play m the production of temporary low metabohsm, patients are 
classified relative to their lodme therapy as shown on followmg page 
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1 Not on todine at or near time of low netabolrsm The subsequent nso to 

normal metabolism also occurred without medication Cases 2, 14 
(fig 2), 16, 18 (fig 6, study n (1)) and 21 See table 1 

2 Not on todiiie at time of lowest metabolism, but iodine omitted so shortly before 

that it may be a complicating factor The subsequent rise to normal 
metabolism occurred without medication. Cases 1 (fig 1), 6 and 23 
See table 1 

3 On iodine at time of law metabolism 

a) The subsequent rise to normal metabolism occurred while still on 

iodme Cases 3, 4 (fig 6), 10, 11, 17, 19 and 20 See table 1 

b) The subsequent rise to normal metabolism occurred on omission of 

iodine Cases S, 7 (fig S), 8, 9 (fig 3), 12, 13, IS (fig 7), 22, 24, 25, 
26 and 27 (fig 4) See table 1 

In cases 12 tmd 13 the metabolism fell to a low level agam when 
iodine was resumed 

Cases 5, 8, 9 (fig 3) and 26 repeated the cycle of fall and rise co- 
incident with the administration and omission of iodme, for the 
second time Cases 7 (fig 5) and 25 repeated it for the second time 
and their metabolism fell to a low level agam for a third time on 
iodme. Case 27 (fig 4) repeated the cycle for the fourth time 

Referring to the above summary of the relationship between tem- 
porary low metabolism and iodme therapy, it may be seen that there 
were S cases m which iodme could have played no part m the produc- 
tion of the low rate and there were 3 cases where the length of time 
after omission of iodme made its influence somewhat open to question 
But there were 19 cases m which the metabolism altered dunng the 
period of iodine therapy 

Cases 4 (fig 6), 7 (fig 5), 9 (fig 3), IS (fig 7), 24, 25, 26 and 27 
(fig 4) are worthy of speaal mention m connection with the effect of 
iodme therapy 

Cases 7, 9 and 27 (figs 5, 3, and 4 respectively) and cases 25 and 
26 (table 1) illustrate particularly well the repeated depression of 
metabolism to a low level followed by a nse to standard normal, pro- 
duced bj the admmistration and omission of iodme In cases 7, 9 
and 27, comadent with the fall m metabolism from standard normal 
to a low level, nervousness and imtabflity decreased, the pulse became 
slower and the weight sometimes mcreased shghtlj They were 
apparently normal individuals when their metabolism was low, and 
showed no signs or symptoms of mysedema Cases 25 and 26, how- 
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ever, showed no clinical change coinadent with the fall in metabohsm 
from standard normal to a subnormal level, except that in case 25 the 
pulse became slower At both levels they appeared to be well 
Case 4 (fig 6) is of especial mterest m that years after operation 
for exophthalmic goiter he showed defimte residual thyrotoxicosis with 



Fig 3 FIr J D , Age 53 Lab No 2750 Production of a Temporary Low 
AIetabousm Coincident with the Administration and Omission of Iodine, 
li TO 3i Years after Subtotal Thyroidectomy (arrow) for Exophthal- 
mic Goiter 

Relatively low metabolism before operation probably due to KI therapy 
Reduction of metabolism to a subnormal level accompamed by decrease of nervous- 
ness and imtabihty No myxedema although low metabolism lasted many 
months Thyroid therapy produced no chmcal change (In this and sub- 
sequent figures, cross-hatched areas denote thyroid therapy ) 

a metabohsm of only plus 4 per cent He had tremor, exophthalmos, 
palpitation, mcreased perspiration, mcreased appetite and thirst, and 
marked nervousness and imtabfiity These signs and symptoms dis- 
appeared when his metabohsm dropped to minus 25 per cent on iodine, 
at which time he showed no chmcal ewdence of myxedema and was 
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apparently well Contrasting him with cases 7, 9 and 27, it may 
be noted that the latter were evidently m a steady state of thyrotoxi- 
cosis and their metabolism fell to about the same level each time 
lodme was given In case 4 on the other hand, the thyrotoxicosis 
appeared to be mcreasmg, comcident with a ma r ked mcrease m the 
amount of palpable thyroid tissue, and the level to which iodine de- 
pressed his metabolism gradually rose 



Fio 4 Mas V P , AOe 30 Lab No 4001 Repeaizd Psoduction or 
Temporasy Low IIetaboush Coincident whb the Aduinisteation and 
OmssioN or Iodine, pollowino Sdbtotai Tbykoidecioiiy (akeow) toe 
Exophthalshc Goitek 

Nervousness decreased with each metabohc dqiression No myxedema except 
mild temporary type at the time of the first low metabolism. 

Cases 15 (fig 7) and 24, two cases of mild but typical exophthalmic 
goiter, are outstandmg because lodme was the only form of treatment 
they received for thyrotoxicosis, yet their metabolism fell to a sub- 
normal level, comadent with chmcal improvement, on this medication 
alone Smce collecting this data we have observed the same phenom- 
enon m 2 other cases 
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Although there are cases m our senes m which iodine was not a 
factor, the cases elaborated above indicate that iodine can play an 
important r61e m these temporaiy metabohc depressions There is 
also some suggestive statistical evidence upholdmg this opinion On 
looking up the statistics for 1920 as an example of a year when iodine 
was not m use as an aid to surgery, it was found that at least 10 per 



Fig 5 Mss N L , Age 23 Lab No 4102 Also Showing Repeated Pro- 
duction OP Temporary Low RIetabolism Coincident toxh the Administra- 
tion AND Omission of Iodine following Subtotal THYSoiDECTOMy (arrow) 
for Exophthalmic Goiter 

As in figiues 3 and 4, nervousness decreased with each metabohc depression 
No mjwedema 

cent of treated toxic goiter patients developed low metabohc rates, 
but they were all of the permanent type The mference is that the 
use of lodme is the cause of the mcrease in mcidence to about 25 per 
cent m the years 1925 and 1926, which mcrease was due mainly to the 
addition of the temporary type We are of the opmion that if lodme 
were not m use, temporary low metabohsm would be observed much 
less frequently 


Cost No. 4 
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myicdema With a normal metabolism this patient showed well marked symptoms of thyrotoxicosis, which 
rchevcd when the metabohc rate dropped to the low level The nse and fall of the metabolism on subsequent 
Ion and administration of lodme occurred at progressively higher levels 
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DISCUSSION 

The absence of myxedema m the cases m this study dunng the 
penod of temporary low metabohsm has already been stressed 
Hence, if the low metabohsm be due to an msuffiaency of thyroid 
secretion, it must be an msufficiency not detectable dmicaUy There 
IS some reason to suppose that such a chmcal state may exist for a 
short time We have been much impressed by the length of time 



Fig 7 Miss F K , Age 17 Lab No 4034 Production of Low Metab- 
ousM B\ THE Use OE Iodine as the Oniy Type of Treatment in a 
Case of Mild Exophthalmic Goiter 
No myxedema 

necessary for some of our cases of once marked spontaneous myx- 
edema to show any chmcal effects of omission of thyroid extract, after 
they had been kept normal by it for years It has taken as long as 
5 months m one mstance The effect on metabohc rate was noticeable 
before the chmcal effect, nevertheless it also was slow m appearmg 
It IS possible that m some of our cases there was a defiaency of thy- 
roid secretion which lasted for such a short time that the effect was 
noticeable only on the metabohsm and not on the chmcal picture 




WUXAHD OWEN THOMPSON AND FHEBE K THOMPSON 46S 


While very small amounts of normal thyroid tissue can keep the 
body suffiaendy supphed with the thyroid hormone, it must be home 
m mmd that m the cases presented, the gland is a diseased one It 
may be that, after treatment, the diseased gland remnant becomes 
suddenly overburdened and requires a certain length of time to adjust 
itself to altered workmg conditions Dunng this penod of adjust- 
ment, a mild lack of thyroid secretion imght explam the temporary 
low metabolism m those patients who had a subtotal thyroidectomy 

In view of the considerations just presented, we feel that some of our 
cases can be satisfactorily accounted for by a penod of temporary 
thyroid msuffiaency, not detectable climcally This will be referred 
to later 

The hypothesis of a temporary hypothyroidism, however, does not 
satisfactorily explain 

1 The st rikin g effect of lodme m repeatedly depressing the metab- 
olism to a subnormal level months to years after operation, coma- 
dent with dimcal improvement of some signs and symptoms of mild 
thyrotoxicosis 

2 The production of a low metabolism by lodme alone when no 
other form of therapy was used for treatment of thyrotoxicosts 

3 The development of temporary low metabolism after the re- 
moval of only half the thyroid gland (Four-fifths to seien-eighths of 
the thyroid may be removed m most cases of tone goiter without 
depressmg the metabohsm to a low level ) 

4 The occurrence of the low metabolism manv months to a few 
years after operation, and the absence of myxedema m the cases where 
It lasted many months (fig 3) 

Adjustment of the gland remnant, if it did take place, would 
naturally occur unmediately after operation, and could scarcely 
account for the onset of a temporary low rate a long tune afterwards 

5 The fact that temporary low metabolism rrthont mj-xedema 
was followed by permanent low metabohsm without myxedema 
m one mstance (case 18, fig 6 in study It (1)) 

In connection with the effect of lodme theranr rt is nnportant to 
note that this medication does not appear to k-v. the metabolism 
of normal individuals (4) (5) (6) (7), althomi Ifnme (8) has made a 
few observations which suggest that, m a fewcstaces, heat production 
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may be lowered in normal rabbits by the use of large doses Careful 
work on a large series of cases is required m order to settle this point 
beyond doubt Present data favor the opinion that lodme therapy 
does not lower the metabolism of normal people It may thus be 
fairly assumed that the depression of the metabolism to a subnormal 
level by lodme m our cases is associated with the control of thyro- 
toxicosis Smce no symptoms of myxedema appear, even when the 
metabohsm remains low for several months, it may also be fairly 
assumed that, m controUmg this thyrotoxicosis, lodme does not cause 
a thyroid insufficiency 

Manne (8) believes that lodme acts m exophthalmic goiter by pro- 
ducmg an excess of colloid which blocks the secretion Such a theory 
would account for the action of iodine in our senes on the basis of a 
temporary hypothyroidism This theory appears to be improbable, 
however, for the followmg reasons 

1 The action of lodme m exophthalmic goiter is well marked before 
much change m the consistency of the gland has occurred, and is often 
complete before the storage of colloid reaches its maximum 

2 We have seen the metabohsm rise when iodine was contmued 
after producing its usual remission, m spite of the persistence of such 
an excess of colloid that the gland was stony hard 

The foregomg considerations lead up to a second explanation for 
temporary low metabolism, which appears to be more adequate than 
temporary hypothyroidism to account for many of our cases The 
assumption is that the normal basal metabohsm of the patients con- 
cerned IS low A certam number of normal people who have never 
had th} rotoxicosis have a basal metabolism m the vicinity of minus 
16 to minus 25 per cent consequently a low metabohsm without 
myxedema occurrmg after treatment for toxic goiter may be ex- 
plained very weU as a drop to the patient’s normal level, similar to 
that commonly occurrmg m a patient whose normal level is m the 
vicmity of zero Just as the latter phenomenon is probably mcreased 
m madence by the use of lodme durmg the immediate post-operative 
penod, so also is the former Just as patients whose metabohsm drops 
to its normal level of about zero often develop, especially if iodine be 
oimtted, a slightly elevated metabohsm of about plus 20 per cent, with 
no very definitely discernible symptoms of thyrotoxicosis, so also may 
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patients whose metabohsm drops to its normal low level of about minus 
20 per cent shortly develop the same clmical picture, with a metabohc 
rate of about zero This may occur m spite of lodme therapy, but is 
much more likely to occur if lodme be omitted It may occur also, 
m the natural course of events, when lodme has never been used at 
any tune Then, just as m the first group, this residual thyrotoxi- 
cosis may eventually bum itself out, allowmg the metabohsm to 
return to the vicmity of zero, so also may the same tram of events 
occur m the latter group, allowmg the metabolism to return to its 
normal level of about mmus 20 per cent Accordingly, some of our 
temporary low rate cases without myxedema, which at present show 
a standard normal metabolism maj eventually develop a permanent 
low metabohsm without myxedema, as is very defimtely suggested 
by case 18 (see fig 6 m study 11 (1)) 

The hypothesis that a metabohsm below the standard normal level 
may be normal for some individuals will be discussed m more detail 
m the paper on permanent low metabohsm without myxedema (1) 

There are a few cases m our senes which seem to be exceptions to this 
hypothesis, i e , those m which the metabohsm was below mmus 25 per 
cent We has o never seen mdividuals who could be considered normal 
with a metabohc rate lower than this Thus, in at least these cases, 
the transient low rate appears to be explamed best by a temporary 
lack of normal thyroid secretion, not detectable dmically The same 
explanation may also hold for a few of the cases in which the lowest 
metabolism recorded was above minus 25 per cent 

The number of cases m which the low metabolism was due to tem- 
porary hypothyroidism and the number m which it represented the 
normal metabohc level of the patient, can be definitely determmed 
only by followmg the patients until them metabolism has reached a 
stationary level 

Aside from attemptmg to explam the significance of temporary low 
metabohsm and the mechanism bj which it may occur, there is a 
pomt of mmor mterest brought out by the data collected, viz , m 
connection with thyroid therapy In view of the striking lack of 
myxedema m our group of cases, we wish to emphasize the importance 
of treaUng the signs and symptoms of that defiaency rather than the 
metabolic rate In the past, patients with a metabohc rate below 
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minus 15 per cent have often been assumed to have myxedema, and 
they have m many mstances been put on thyroid extract merely be- 
cause of the reduced metabolism, even though there were no signs 
nor symptoms of hypothyroidism This medication has been some- 
times contmued unnecessarily for years, because the possible lack of 
correlation between the low metabohsm and myxedema was not recog- 
nized, aside altogether from the fact that the low metabohsm itself 
might be only temporary 


STTMMAEY 

Twenty-seven cases have been presented showmg temporary low 
metabohsm (minus 16 to mmus 44 per cent) without myxedema, fol- 
lowmg treatment for thyrotoxicosis 

The usual time of onset of this low metabohsm was withm 4 months 
after treatment, although m a few cases it was from 1 to 3| years 
afterwards The usual duration was about 1 to 4 months 

Durmg the period of low metabolism, most of the patients appeared 
to be normal mdividuals 

It occurred after x-ray therapy and after subtotal and hemithy- 
roidectomy 

In 5 cases there was no lodme therapy durmg the period of low 
metabohsm m 7 cases, the metabohsm both feU and rose on lodme, 
and m 15 cases (indudmg 2 in which neither surgery nor x-ray ther- 
apy was employed) the metabohsm fell on lodme and rose when it was 
onutted In some of the latter cases, months to years after operation, 
the metabohsm could be made to fluctuate at wiU from a standard 
normal to a subnormal level and back agam, by the admmistration 
and omission of lodme 

In some mstances, signs and symptoms diagnostic of or suggestive 
of rmld thyrotoxicosis, which were present with a standard normal 
metabohc rate, disappeared when lodme was given and the metabolism 
dropped to a subnormal level 

CONCLUSION 

In some cases, temporary low metabohsm without myxedema fol- 
lowmg thyrotoxicosis appears to be due to a penod of thjnroid msuffi- 
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aency not detectable dinically In others, it appears to represent 
a transient return to the patient’s normal metabolic level, the sub- 
sequent rise to standard normal metabolism representmg a penod of 
mild recurrmg thyrotoncosis 
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LOW BASAL METABOLISM FOLLOWING THYROTOXICOSIS 
n Peejianent Type without Myxedema* 

By WILLARD OWEN THOMPSON* and PHEBE K. THOMPSON* 

(From Ike Thyroid Qinlc and UelabolUm Laboratory of Ike UassachuteUsGtneral Hosjdlal ) 

INTEODDCnON 

As outlined m part I of this study (1), m the course of an investiga- 
tion of the surprising number of low metabolisms observed following 
thyrotoxicosis, it was found that approximately half were of the 
temporary type and half of the permanent type and moreover, that 
about two-thirds of the latter group showed no chnical evidence of 
myxedema * It is our purpose m this paper to present a study of 
permanent low metabolism without myxedema The data on tem- 
porary and permanent myxedema foUowmg thyrotoxicosis, are to be 
presented later (2) 

Although there are a few reports m the hterature on low metabolism 
without myxedema, there are no studies of this phenomenon followmg 
thyrotoxicosis 

METHOD AND MATEEIAL 

For the method used, see part I of this study (1) 

Included m this senes are 21 jmtients who, without chnical evidence 
of myxedema, had a low metabohe rate, presumably of the permanent 
type, rangmg from mmus 16 to about minus 25 per cent, after recovery 
from thyrotoxicosis In 14 instances the metabolism was followed long 
enough and closely enough to indicate that it would remam perma- 

‘ TMs stud> WHS aided in part by a grant from the Proctor Fund of the Harvard 
ifedical School for the Study of Chronic Diseases 

* Fellow of the National Research CoundL Research Fellow in Medidne at the 
Harvard Medical School and at the Massachusetts General Hospital 

’ Research Fellow in Medicine at the Massachusetts General Hospital, 

* The term “mjiedetna” is used to denote any degree of true thyroid defidency 
which IS dinicall) discernible It is not limited to the full blorni typical picture 
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LOW BASAL METABOLISM FOLLOWING THYROTOXICOSIS 
n Permanent Type withodt Myxedema* 

By WILLARD OWEN THOMPSON* and PHEBE K. THOMPSON* 

(From Iht Thyroid Owtc and iletabolum Laboratory oj the UatsachmeUtGtneral Hospital ) 

INTRODUCTION 

As outlined m part I of this study (1), m the course of an investiga- 
tion of the surprising number of low metabolisms observed followmg 
thyrotoxicosis, it was found that approximately half were of the 
temporary type and half of the permanent type and moreover, that 
about two-thirds of the latter group showed no chmcal evidence of 
myxedema ‘ It is our purpose m this paper to present a study of 
permanent low metabolism without myxedema The data on tem- 
porary and permanent myxedema followmg thyrotoxicosis, are to be 
presented later (2) 

Although there are a few reports in the hterature on low metabolism 
without myxedema, there are no studies of this phenomenon followmg 
thyrotoxicosis 

METHOD AND MATERIAL 

For the method used, see part I of this study (1) 

Included m this senes are 21 patients who, without clmical evidence 
of myxedema, had a low metabohc rate, presumably of the permanent 
t3TJe, rangmg from mmus 16 to about minus 25 per cent, after recovery 
from thyrotoxicosis In 14 instances the metabolism was followed long 
enough and closely enough to mdicate that it would remam perma- 

* This study was aided m part by a grant from the Proctor Fund of the Harvard 
Medical School for the Study of Chronic Diseases 

’ Fellow of the National Research CoundL Research Fellow in Medicme at the 
Harvard Medical School and at the hlassachusetta General Hospital. 

* Research Fellow In Medicme at the Massachusetts General Hospital 

* The term ‘‘myxedema’ is used to denote any degree of true thyroid deficiency 
■which Is clinically discermble It Is not limited to the full blown typical picture 
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TABLE 1 

Tv/cnly one eases sliowtng pcnnanenl low metabolism without myxedema, followms Ihyroloxtcosts 
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Better than ever in her life 

No myxedema 

Perfectly well. No myxedema 

Moderate thyrotoncosia 3 months. 
Slight exophthalmos. Goiter + 
Tremor + Lost 30 pounds In 
9 months 

No myxedema. Slight residual 
thyrotoxicosis 

Less nervous 

Definite improvement 

WeU 

Severe cold for 3 weeks 

Well 

Tired 

WclL Less tired 

Easily tired. No myxedema 
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June 11, 1927 

July 2,1927 
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October 15 1927 

Jaly23 1925 

July 28, 1925 

July 30 1925 

August 2, 1915 
August 6, 1925 
August 7,1925 
August 22, 1925 
September 8, 1925 
Octobers 1925 
April 20, 1926 

May 7,1926 

May IS, 1926 

May 25, 1926 

June 7 1926 

June 28, 1926 

July 12, 1926 

July 27, 1926 
September 1, 1926 
November 9, 1926 
December 3, 1926 
Jxuuiary 18, 1S>27 
February 25, 1927 
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June 7, 1927 
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Age 33 

Lab No 3399 
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nently at a low level without medication In 3 others, lodme was ad- 
ministered throughout most of the penod of observation, thus render- 
mg the permanency of the low metabohsm somewhat uncertam In 
this group of 17 patients there are 6 who, shortly after treatment, had 
signs and symptoms either suggestive of or actually diagnostic of 
m 5 ocedema These manifestations were only transient At present, 
without medication, these patients show no evidence of myxedema, 
although they have low metabohc rates They therefore have been 
hsted as cases of permanent low metabolism without myxedema 
There are m addition to these 17 cases 4 others, not on iodine, whose 
low metabohsm determmations were too few to establish their per- 
manency, but on account of the considerable length of time they were 
observed after treatment they probably belong to this group 

Table 1 gives an outhne of the basal metabohc and chmcal histones 
on those of the 21 cases on whom the data is not charted 

I 

Ttvie of onset 

In 7 cases the onset of the permanent low metabohsm was within 
3 months after treatment m 4 cases it was withm 3 months to 1 year, 
and m 3 cases it was over 1 year after treatment In 7 cases the time 
of onset was unknown 

Absence of myxedema 

The mam issue with regard to permanent low metabohsm is whether 
it IS normal or abnormal for the patients concerned This must be 
deaded upon the basis of the accompanymg chmcal picture The 
stnkmg thin g about the patients presented m this study was the 
absence of signs and symptoms of myxedema, as illustrated by a 
typical case history 

Case 3^ (fig 1) Lab No 819 Age 44 m 1920 In 1912 she developed typical 
exophthalmic goiter, for ivhich a partial th3a’Oidectomy was performed m another 
hospital m Alarch, 1913 After operation her symptoms were exaggerated, but 

® The early data on this and 3 other cases have been reported before as follows 

Cases 3 and 12 Holmes, Am Jour Roent , 1921, viu, 730, and Aleans and 
Holmes, Arch Int Med , xxxi, 303, 1923 

Case 4 Holmes, ibid 

Case 5 Richardson and Means Arch Surg 1924, ix, 237 
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began to impro\e about 2 years later In December, 1920, when first seen in 
this hospital, her basal metabohc rate was plus 50 per cent and her pulse 100 
Her thyroid was diffusely enlarged She had sUght exophthalmos, marked 
tremor, palpitation and dyspnea She was hoarse, her mucous membranes were 
shghtly pale, her skin was dry and she had brown pigmentation of hands, axillae, 
groins and genitals The diagnoses were jiost-operative exophthalmic goiter and 
cardiac decompensation She was given 5 x ray treatments during the period 
December, 1920, to March, 1921, and her basal metabolic rate dropped to normal 
In October she was reported as having done well all summer In November, 

1921, there was some recurrence of thyrotoxicosis with a basal metabohc rate of 
plus 31 per cent Three more x ray treatments were given November, 1921, to 
January, 1922 Her basal metabohc rate again dropped to normal and she was 
symptom free. 

She felt well until S^tember, 1924, when she developed symptoms from utenne 
fibroids, for which she had a hysterectomy and double salpingo-oophorectomy 
performed dunng the same montlu No metabolisms were done between Januari , 

1922, and April, 1925 On the latter dale, 3 years after her x ray treatment for 
toxic goiter and 6 months after her pelvic operation, her basal metabolic rate w-as 
minus 21 pyer cent, and continued at about this level during the following two 
months She was prevailed upon to enter the hospital for study She bad gained 
3 kgm smee 1922 Her hair was shghtly dry and her skin was pigmented, os 
previously described when She had thyrotoxicosis in 1920 Her tongue was not 
particularly thick. Her memory was good Her appebte was good Her speech 
was rather slow, but the patient said this was natural for her There was no 
abnormal weakness or fatigue, no marked palpitation or dyspnea on exertion, no 
headaches and no dmfness. The palms and soles of her feet sweated profusely 
Her ankles swelled only if on her feet oD day She had a large dilated heart 
There was no clinical evidence of myxedema. She felt well and insisted that she 
did not need to be m a hospital 

She w'as put on thyroid extract, 6 grams dail> In 5 days’ time her rate was 
minus 17 per cent Thyroid was decreased to 3 grams dail\ , on which dose her 
metabolism remained practically imchonged. Thyroid wns mcreased to 6 grams 
daily on several subsequent occasions, but each time caused palpitation, sweating, 
insomnia and hot flashes, and had to be decreased There was no significant 
effect on metabolism, and no clinical improvement occurred Her basal metabolic 
rate remained at about minus 21 per cent up to January, 1926 Thyroid was 
omitted in February , 1926 In November, 10 months later, her rate was minus 
25 per cent She looked and felt ciccpUonaIl> well She was strong, not easily 
fatigued and not sensitive to cold Her appetite was vcr> good Her hair was 
BUght]> dry Her speech was somewhat slow but not thick There was no edema 
In short, there n-as no cndencc of h>pothvroidism ThjToid extract, 3 grains 
dnllj , was started agam She took it for about one month with no clinical results, 
except that she experienced occasional hot flashes In Apnl, 1927, when 4 months 
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off thyroid, she was apparently quite normal, with no symptoms of myxedema, 
although her metabolism was mmus 24 per cent She stated that she had hot 
flashes only when on thyroid Ovanan extract, grains V, three times daily, 
was given although there was no mdication for it dmically It produced no 
change 

Most of our cases were like the one just presented during the penod 
of their low metabolism, e g , figures 2 and 3 They were alert, ener- 



Fig 1 Mrs A A , Age 44 Lab No 819 Permanent Low Metabolism 
WITHOUT Myxedema, First Observed Three and One-quarter Years 
after Termination of X-ray Treatment (X), and Twelve Years After 
Hemuhyroideciomy for Exophthalmic Goiter 

Double oophorectomy performed 6 months before low metabolism was ob- 
served Six grams of thyroid extract daily did not significa n tly affect the basal 
metabolism, but caused symptoms of thyroid mtoxicabon (In this and sub- 
sequent figures cross-hatched areas denote thyroid therapy ) 

getic mdividuals who did not tire easily and were not sensitive to 
cold Their skm was soft and smooth, there was no edema and their 
hair was not dry Mrs E C (case 2, table 1), for example, worked 
daily from 6 00 a m to 9 30 p m Besides domg aU the housework in 
an eight-room house, she was able to take care of a small garden and 
do most of the work m connection with about 300 chickens, as well 
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Fig 2 Mas A G , Age 42 Lab No 4549 Pebmanent Low Metabousu 
WETH onr Myxedeua eoixowino Scbioial Thyeoidectoiiy 
(aeeow) eoe ExonnHAunc Goetek 

The metabolism remained low after onusaJon of iodine, in contrast to what 
happens In cases of temporary low metabolism, as shown In figures 4 and S m 
Part I of this study (1) (In this and subsequent figures, black areas denote 
Lngols' therapy ) 
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MONTHS 

Fig 3 Mrs E W Age 22 Lab No 1432 Permanent Low Metabousu 
wuhout Myxedema eoixowtno X ray Treatment (Y) and 
Doubee Ligation tor ExoRimiAiiiic Goiter 
ThjTroid therapy did not produce any clmical diange 
4S9 
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as serve on several church and civic coramittees All these activities 
produced only shght fatigue, which was not increased by omission of 
thyroid extract This medication m moderate doses raised her 
metabohsm only shghtly 

A few of the cases, viz , cases 4 (fig 4), 7, 9, 10, 11 and 16, while they 
did not have myxedema, were shghtly different from those just 
descnbed 



Fig 4 ]Mrs M H , Age 37 Lab No 575 Permanent Low Metabousm 
EOLLOWING X-RAY TREATMENT (X) TOR EXOPHTHALMIC GOITER 
Question of nuld myxedema durmg first 3 months after temunation of treat- 
ment No myredema with a low basal metabohc rate, 2, 5, 7 and 7J years after 
treatment 

Case 4 (fig 4) is fairly typical of the group At the time of her low 
metabohsm, which ranged for the most part between mmus 20 and 
mmus 25 per cent, she was nervous and exatable, tired easily, and 
was sensitive to cold Her skm, however, was soft and warm, her 
hair was not dry and there was no edema She was definitely not 
myxedematous Thyroid extract m doses of Ij grams daily produced 
no effect on her metabohsm, but, while takmg it, she thought she 
tired a httle less easily and was less nervous No objective changes 
were discermble The other patients of this type on whom thyroid 
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extract was tried felt a little better at times while taking it, but at 
other tunes no improvement was noted This whole group resembled 
patients with very mild thyrotoxicosis rather than those with myx- 
edema 

Relation of permanent low metahoUsin to some pathological entities other 
than myxedema 

Myxedema is of course not the only abnormahty associated with 
low metabohsm The latter may be observed for example in condi- 
tions of starvation, m chrome nephrosis, and m defiaency of endoennes 
such as antenor pituitary or adrenal cortex These disorders were 
not factors m any of our cases 

A low metabohsm is often attributed to hypogonadism because the 
two are sometimes found to be assoaated Inasmuch as this idea is 
prevalent, those of our cases are ated below m which there was a 
history of cither double oophorectomy or of the occurrence of the 
menopause They appeared to be normal mdividuals and showed 
no symptoms known to be assoaated with ovanan defiaency 
Case 18 (table 1), had a thyroidectomy m February, 1919 Her 
metabolism was nunus 10 per cent m 1920 A double oophorectomy 
was performed m January, 1922 The only metabolism determmation 
thereafter was mmus 19 per cent in August, 1923 
Case 21 (table 1) had a double oophorectomy m 1903 and a thy- 
roidectomy m April, 1920 Her basal metabohe rate was plus 9 per 
cent in May, 1920, and mmus 17 per cent m November, 1921 
Case 3 (fig 1) had several x-ray treatments for toxic goiter ending 
December, 1921 In January, 1922, her basal metabohe rate was 
minus 6 per cent A double oophorectomy was performed in Septem 
ber, 1924 There were no further detemunations of metabolism until 
April, 1925, when her rate was mmus 21 per cent 
Case 11 (see table 1) had x ray treatment for toxic goiter ending 
September, 1922, when her basal metabohe rate was plus 11 per cent 
The menopause occurred in May, 1925 No metabolism determina- 
tions were made until November, 1925, when her rate was mmus 17 
per cent 

In case 18 there was a tendency to a low metabolism before the 
oophorectomy was performed In case 21 it is impossible to say 
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whether the oophorectomy had anything to do with the low rate 
In cases 3 and 11 there is no record of the metabohsm for about 3 
years after \-ray treatment for thyrotoxcosis, so that it is not known 
whether it was low before the ovanan deficiency occurred In short, 
m aU these cases, one cannot preclude the possibihty of a low metab- 
olism which may have been present even before thyrotoxicosis 
occurred 
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MONTHS 

Fig S Mrs A G , Age 24 Lab No 3768 Permanent Low Metabousu 
FO iiOMTNG Subtotal Thvroidectomy (arrow) for 
Exophthalmic Goiter 

No mjwedema except mild temporary type during first 6 months after operation 
The metabolism remamed low after omission of lodme Note well-marked rise m 
metabolism due to thyroid therapy, m contrast to the effect of thyroid shown m 
figure 1 

Influence of type of treatment employed for thyrotoxicosis 

Permanent low metabohsm without myxedema occurred spon- 
taneously m 1 case after subtotal thyroidectomy m 13 cases after 
hemith}TOidectomy in 2 cases after surgery and x-ray combmed m 
2 cases and after x-ray alone m 3 cases Two patients (one treated 
by hemithjwoidectomy and one by x-ray) had toxic adenoma, the 
remamder had exophthalrmc goiter 
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In 8 cases iodine was used at the time of subtotal thyroidectomy 
In S of these 8 cases, although lodme was contmued at intervals after 
operation, the data show that it was not the cause of their metabohc 
depression, as their metabolism remained low when iodine was omitted 
In the other 3 instances (cases 15, 16 and 17, see table 1) lodme was 
contmued practicaUj throughout the penod of the low metabolism 
It IS impossible to tell just what r61e this medication played m these 
mstances untd iodine is omitted for a suffiaent length of time They 
maj be low rate cases of the temporary type (1), but are just as hkely 
to be of the permanent type like case 14 (fig 5), case 1 (fig 2) and 
case 13 (table 1), m which the metabolism remamed low after iodine 
was omitted 

It IS evident that m the very great majonty of mstances of per- 
manent low metabohsm without myxedema, lodme therapy was not a 
factor which need be considered, m stnkmg contrast to the important 
r61e it played m temporary low metabolism (1) 

Penuancni low metabohsm "mthout myxedema preceded by temporary 
low metabohsm xotthoiil myxedema Possible rclaiioiishtp 
between the two 

Havmg now presented cases both of temporary low metabolism 
without myxedema (1) and of permanent low metabolism without 
myxedema, following thyrotoxicosis, it seems desirable to consider 
a case that may furnish a connectmg hnk between the two, viz , one 
which shows both types of low metabolism Such a case is no 18 
listed m the paper on temporary low metabolism Her chart is given 
here fsee fig 6) because this seems to be the logical place for it She 
had 3 x-ray treatments for exophthalmic goiter One month later, 
without medication, her metabohsm was mmus 17 per cent Thyro- 
toxicosis recurred, with a rate of plus 22 per cent She had 2 more 
x-ray treatments, and one month later, without medication, her 
rate was mmus 17 per cent agam There was no hypothyroidism 
either time Her metabolism then rose without thyroid therapy to 
standard normal (rangmg from mmus 2 to mmus 7 per cent) for a 
period of 14 months, dunng which time she displayed no chmeal 
evidence of thyrotoxicosis Her rate then dropped spontaneously to 
approximately its former tow level, without any accompanymg hy- 
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pothyroidism Thyroid extract, up to 3 grams daily, was prescnbed 
This affected her metabOhsm very httle and produced only very 
questionable chnical improvement On omission of this medication 
(for 7 months at the date of her last test) her rate was, with one ex- 
ception, about mmus 15 per cent She claimed that she felt 3ust 
as well, if not better, than when on thyroid extract, and appeared to 
be a perfectly healthy mdividual 
The significance of this case wdl be elaborated m the discussion 



■WITHOUT MyXHDEMA FOLLO'WED BY PeBMANENT LoW MeTABOLISM 'WITHOUT 
M'yxEDEMA, Occurring after X-ray Treatment {X) for Exophthalmic 
Goiter 


DISCUSSION 

The fact that a permanent low basal metabohc rate may be normal 
for some mdividuals, does not seem to be very clearly recognized 
There are healthy people who have a metabohsm as low as mmus 
16 to mmus 25 per cent They look and feel perfectly well, and 
display no symptoms of h3T)0thyroidism Sturgis (3) reports such a 
case ■with a rate of mmus 22 to mmus 25 per cent Wishart (4) reports 
3 cases -with rates of mmus 16, minus 21 and mmus 21 per cent 
respectively We have seen several such cases m our expenence 
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They differ m no apparent respect from healthy people with a 
standard normal metabohc rate 

Then agam there are those individuals with a low metabolism who 
have symptoms such as headaches, dizzmess, weakness, chronic 
fatigue and nervousness In fact the nervousness is often so marked 
that they suggest mild h 3 rperthyroidism rather than hypothyroidism 
They do not look myxedematous m the least. The hair and skm are 
usually not dry There is no edema They are not slowed up 
One of their chief complaints is that of feehng tired all the time In 
this respect only, they suggest myxedema In general, they present 
an entirely different picture Were it not for their low metabolism 
and susceptibihty to fatigue, thyroid extract would rarely be tned on 
them There are many persons whose metabohsm is withm the 
standard normal zone of plus or minus 10 per cent who have the same 
complamts, vet because their metabolism is at this higher level and 
no definite clmical pathology is found, they are often regarded as more 
or less normal, or at most ‘‘neurotic ” Certam observers have re- 
ported patients of this type, who have a low metabolism, as improved 
on thyroid therapy and have on this basis diagnosed the condition as 
a form of hypothyroidism, even though the symptoms are on the whole 
quite atypical of true thyroid defiaency It seems much more hkely 
that the explanation lies in some other obscure pathology about which 
no thin g IS known at present The low metabohsm often found may be 
an essential part of this picture On the other hand, it may be “nor- 
mal” for the particular mdividual, just as m the group of cases men- 
tioned in the foregoing paragraph 
Commg now to permanent low metabolism /o/ioaung thyroloxicom, 
we know that in a certam proportion of cases it is assoaated with 
definite underfunction of the thyroid gland — true myxedema In 
another much larger proportion of cases, however, there are no 
symptoms of myxedema. The patients are of the tuo types just 
described, the majontj of them bemg of the first type, 'i e , appar- 
ently normal individuals Inasmuch as a surpnsmg number of 
normal people who have never had thyrotoxicosis have a low metab- 
olism, it IS only reasonable to suppiose that in a group of patients who 
develop toxic goiter, a certain number have normally a low metabohsm 
which manifests itself as soon as the thjTotoxicosis disappears In 
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fact Pluminer (5) suggests that perhaps more cases of exophthalmic 
goiter are recruited from the group of persons with a low metabolism — 
manj' of whom are of the asthenic type— than from an> other group 
He actually has observed patients with a low basal metabolic rate who 
later developed exophthalmic goiter 
As previously stated, abnormalities other than myxedema that are 
at present Ivnown to be associated with a low metabolism, were not 
factors in our cases, with the exception of hypogonadism The possi- 
bility of the influence of this factor must be considered in four cases 
already described The knowledge of the effect of ovarian deficiency 
per se on metabolism is very ill defined, although the occurrence of 
mjTcedema about the time of the menopause is well known King 
(.6) from his own observations and DuBois [ 1 ) from a review pf the 
literature, have come to the conclusion that loss of ovanan function 
has little effect on metabohc rate Several others, notably Aub (8) 
and Bailey (9), have concluded, both from the literature and from 
their own observations, that expenmental oophorectomy sometimes de- 
presses the, basal metabolism In the instances where alow metab- 
olism IS found after removal of the ovanes or the occurrence of the 
menopause, the possibility of its having been present before the ovanan 
deficiency developed, and of its representing the normal metabolic 
level of the patient, never seems to be taken into consideration 
Inasmuch as our four patients appeared to be healthy individuals, we 
feel that it is just as reasonable to assume that their low metabolism 
was “normal” for them as to assume that it was due to an ovanan 
deficiency 

In bnef, it is suggested that permanent low metabohsm without 
myxedema following toxic goiter may be a mamfestation of any one 
of the foUowmg 

1 A return to a low metabohsm which is normal for the individual 
and w^hich was probably present before the development of thyrotoxi- 
cosis, the patients concerned bemg healthy persons 

2 A return to a low metabohsm which was probably present before 
thyrotoxicosis developed and which may be “normal” for the indi- 
vidual, the patients concerned, however, having symptoms such as ^ 
headaches, dizzmess, susceptibility to fatigue, nervousness, etc 

3 Intervening abnormahties other than m>^edema, that are known 
to be associated with low metabolism 
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In group 1 thyroid therapy is a useless procedure, except as a thera- 
peutic test to estabhsh beyond doubt the type of patient wth which 
one is dealing When this is accomplished, it should be omitted 
Otherwise the patient may continue takmg thyroid extract unneces- 
sarily for years, and even may be made qmte uncomfortable at times 
from efforts to raise the metabolism to standard normal bj givmg large 
doses In view of the possible benefit in group 2, thyroid therapy 
may be tned on these patients It is difficult to believe, even m cases 
which may improve under such treatment, that the underlying path- 
ology is primary under function of the thyroid It should be stressed 
that m patients of this type sufliaent thyroid to produce improvement 
often causes very little mcrease m metabohsm In group 3 the most 
effective treatment is that which is directed at the underlying cause 
of the pahent’s dimcal symptoms Thyroid therapy is not a routine 
procedure, but is said to be of value m certam rare instances, e g 
when used m large doses m order to reduce the edema of chrome 
nephrosis. 

The idea is all too prevalent that when the metabohsm is below 
accepted normal standards there must be a depressed function of the 
thyroid Consequently when a situation arises where the circum- 
stances are supposedly more propitious than usual for the occurrence 
of myxedema, viz , after a subtotal thyroidectomy or after several 
X ray treatments of the thyroid, such a diagnosis is doubly likely to be 
made, regardless of the chnical picture. This is as reasonable as saying 
that because the blood pressure is high, the patient must have chrome 
nephntis We should not stress this point were it not for the fact that 
wrong diagnoses are so common, evidently due to the impbcit belief 
that there is a practically perfect correlation between myxedema and 
low metabolism This is the result of thmking of the normal m terms 
of averages and not taking mdividual variations sufficiently into ac- 
count The need for broadenmg our ideas of what is normal, to allow 
for occasional vanations, appbes to many other phases of medicme 
besides basal metabolism 

Those who report benefit from thyroid therapy in low rate cases 
without myxedema, mention that in some instances they were not 
successful Our cxpenencc in this clinic has been that most of our 
low rate cases without myxedema have rccened no benefit from 
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thyroid medication One or two have had headaches relieved A 
few others thought they felt bnghter and a httle more energetic at 
jfirst, although several months after omission of thyroid many of them 
felt just as well as ever and had no desire to resume the tablets 
The explanations offered for the lack of effect in these instances 
indicate the current attitude toward the status of the patient The 
inference is made that it is due to such vanous causes as the long- 
standing nature of the symptoms, with complicating artenosclerosis 
(10), lack of absorption from the gastro-mtestmal tract (3), loss of 
potency of the thyroid preparation (3), or insuffiaency of dosage (11) 
Practically no consideration is given to possible biological differences 
m patients themselves Several of our cases m which thyroid had 
no chnical effect were young people who did not have any arterio- 
sclerotic changes In many others we are sure that potency, absorption 
and dosage were not at fault, because the metabohsm rose to standard 
normal, whether with varymg doses of thyroid extract by mouth or 
with intravenous thyroxm — yet there was no improvement chmcally 
That is to say, we got metabohc but not clmical results In some 
instances where we did not get even a significant effect on metabo- 
lism, we are sure that the thyroid extract was absorbed, because 
symptoms of thyroid mtoxication supervened whenever the dose was 
mcreased beyond the patient’s tolerance For example, case 3 (fig 1) 
with a metabolism of about mmus 23 per cent, suffered from pre- 
cordial pam and palpitation whenever her dose was mcreased to 6 grams 
daily m spite of the fact that her rate remamed practically unaffected, 

1 e , she developed some symptoms of thyroid intoxication with a dis- 
tmctly subnormal rate A case dealt with m the paper on myxedema 
following thj’-rotoxicosis (2) is somewhat similar m this respect He 
developed myxedema a few months after a subtotal thjuroidectomy 
m 1918 Thyroid has never been omitted long enough m the sub- 
sequent 9 years to observe whether he stdl has thyroid deficiency 
It would seem at present that, regardless of myxedema, he has nor- 
mally a low rate m the neighborhood of mmus 15 to mmus 25 per cent, 
because he felt perfectly well and his metabohsm remamed within 
this range although he was on 6 grains of thyroid daily This is more 
than sufiBcient to raise the metabohsm to normal m most cases of 
mixedema m fact many show symptoms of thyroid mtoxication on 
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this dose When he took the large dose of 12 grains daily, his rate 
rose to minus 2 per cent, but he expenenced severe precordial pam 
and palpitation which disappeared promptly on ormssion of thyroid, 
1 e , sufSaent thyroid to make hia metabohsm standard normal pro- 
duced symptoms of thyroid mtoxication 

In general, patients with low metabohsm and no myxedema may 
be divided mto two groups with respect to the effect of thyroid extract 
by mouth on metabohc rate 

1 Those who respond readily to moderate doses with a well- 
marked rise m metabohsm, e g , case 14 (fig 5) 

2 Those who require large doses to affect the metabohsm percep- 
tibly Moderate doses do not produce any very significant change, 
c g , case 3 ffig 1) 

The latter type is fairly common, and m this group, symptoms of 
thyroid mtoxication may supervene with a definitely sub normal rate 
As a general rule, the patient who requires more than 4 grams of thy- 
roid daily to raise the metabohsm to standard normal has either not 
got myxedema, or else if he has that defiaency, has m addition a 
low rate normally The mamtenance dose for most cases of true 
myxedema seen in this clinic is to 3 grains of thyroid extract 
(Armour’s) dailj 

Treabng the metabohsm rather than the chnical symptoms appears 
to be a prevalent practice The folly of floodmg the body with an 
excess of a normal product is obvious, and it is very poor therapj 

Since several of our cases of temporary low metabolism without 
myxedema (1) seem to be best accounted for by the same hypothesis 
that we have elaborated above for our cases of permanent low metab- 
olism without myxedema, it seems important to consider any possible 
relationship that may exist between the two If both types of low 
metabohsm represent depressions to a metabohc level which is normal 
for the mdividual, the logical conclusion is that several of the patients 
v ho had temporary low metabohsm without myxedema may eventually 
develop permanent low metabolism without myxedema. Case 18 
from study I (fig 6 m this study) thus may be regarded as a connecting 
link between these two types of low metabolism In such an instance 
the mtenemng pcnod of standard normal metabohsm evidentl> 
represents a pcnod of mdd thyrotoxicosis 
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These considerations lead up to a fairly important deduction, which 
IS supported by actual observation, viz , that thyrotoxicosis may exist 
with a standard normal metabohsm This accounts satisfactorily 
for the repeated depressions of the metabolism from a standard normal 
to a low level produced by lodme months to years after operation, 
comcident with the disappearance of signs and symptoms either 
diagnostic of, or suggestive of, mild thyrotoxicosis (1) 

It follows that m order to judge the true elevation of the metabohc 
rate of patients who develop thyrotoxicosis, it is necessary to know 
their normal metabohc level The chnical significance of this pomt 
may be illustrated by refemng to case 8 (table 1) When first seen, 
this patient had defimte signs and sjmptoms of thyrotoxicosis with 
a rate of plus 10 per cent, but because her metabohsm was standard 
normal, she was given no treatment In view of her low rates of 
mmus 28 and mmus 14 per cent, 2 and 3 years respectively after 
operation, when she was not receivmg any medication and was m 
perfectly good health, her level of plus 10 per cent m 1920 was prob- 
ably equivalent to plus 24 or plus 38 per cent in a person with a 
normal level of about zero 


SUMMARY 

Twenty-one cases have been presented showmg permanent low 
metabohsm without myxedema, following recovery from thyro- 
toxicosis 

After recovery, the patients were for the most part apparently 
normal mdmduals 

In the cases m which thyroid therapy was tned, no definite bene- 
fiaal effect was noted dimcally, although potency, absorption and 
dosage of the drug were not at fault 

Many of these patients reqmred much more thyroid extract to raise 
the basal metabohsm to standard normal than do patients with spon- 
taneous myxedema Moreover, symptoms of thyroid mtoxication 
due to thyroid feedmg sometimes occurred while the metabohsm was 
still low 

The importance of treating the patient rather than the basal meta- 
bohc rate has been stressed 
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CONCLHSIONS 

Facts are ated whicli are consistent with the hypothesis that per- 
manent low metabohsm without myiedema following thyrotoxicosis, 
IS, m most instances, a return to a normal metabohc level, which was 
probably low even before the development of the disease 
Thyrotoxicosis may exist with a standard normal basal metabohc 
rate 

The mterpretation of the degree of basal metabohc elevation m 
thyrotoxicosis is directly affected by the level of the patient’s normal 
metabolism 

Temporary low metabohsm without myxedema may be, m some 
instances, an imtial phase in the eventual development of permanent 
low metabohsm without myxedema 
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A NOTE ON THE INFLUENCE OF THE CIRCULATION ON 
THE UTILIZATION OF CARBOHYDRATES* 

By RALPH PEMBERTON and F A CAJORI 
{From the Laboraiory of Clinical Chemistry^ Presbyterian Eostntal Philadelphia) 
(RccelYcd for publication December 1, 1927) 

In a recent paper published m this Johenal, Le nn ox and BeUinger 
(1) have presented the results of an extensive study of the blood 
sugar curves of non-diabetic individuals, following the repeated oral 
and intravenous administration of glucose They find that in the 
majonty of their subjects the blood sugar curve was higher at the 
initial trial than it was 1 to 312 days later, after sugar administration 
had been repeated In view of these findings Lennox suggests that 
he is “loathe to conclude that a lowered second curve is necessarily 
due to treatment or to experimental procedure ” He suggests that 
the lowering of the height of the second curve is to be ascnbed to the 
mflucnce of the first ingestion of glucose 

Prominent among the work ated is that of Cajon, Crouter and 
Pemberton (2) on the effect of changes in the circulation on carbo 
hydrate utilization The purpose of the present communication is 
to show that Lennox’s cntiosm of the mterpretation of repeated blood 
sugar curves does not apply to the above mentioned work of the 
present wnters 

Cajon, Crouter, and Pemberton (2) found that an exaggerated and 
prolonged hyperglycemia following the ingestion of glucose could be 
mduced in a certam proportion of patients with chrome arthritis 
bj interference with the blood supply to large muscle masses through 
elevation of the legs The results of these experiments seemed of 
considerable sigmficance m that they offered, with other evidence, an 
explanation of certain of the pathological changes m arthntis, and, of 
the delaj cd sugar removal from the blood (“lowered sugar tolerance”) 

' The woA here reported is part of a study on chronic arthntis in collaboration 
with R B Osgood, II D of Boston The expenses were defrayed by contribu- 
tions from sTinous sources includmg a number of patients 
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SO frequently encountered m artlintis (3) These expenments also 
indicated that the character of the blood supply to tissues active in 
sugar removal is an important factor m the early utihzation of carbo- 
hydrates The importance of these conclusions was such that it 
seemed advisable to repeat the expenments and extend the senes of 
cases studied This was done and similar results were obtamed, 50 
per cent of those arthntics in whom a delayed sugar removal was not 
always present showed a higher blood sugar curve when the legs were 
elevated 

In the first senes of these expenments, with one exception, the 
initial blood sugar curve was obtamed when the subjects had their 
legs elevated, as Lennox has pointed out Accordmg to him, the lower 
curve, subsequently found, may have been the result of a “natural” 
tendency, following glucose ingestion, for a second blood sugar curve 
to be lower than the first In the second senes, however (12 expen- 
ments) the first blood sugar curve, with two exceptions, was deter- 
mmed when the subject was seated, and the second when the legs were 
elevated As has been mentioned above, results were obtamed with 
essentially the same correlation between the position of the subject 
and height of blood sugar curve as m the first senes, though the order 
of the expenment was reversed and the high blood sugar curve was 
observed on the second tnal This reversal of procedure m the two 
senes was unpremeditated as we were at that time unfamiliar with 
Lennox's conclusions We were mterested m the response to the 
change m posture mamfested by those arthntics (40 per cent) who 
ordmanly showed no delay in blood sugar removal, we endeavored to 
choose such types for the rather arduous expenment deahng with 
posture We did not publish the details of this second senes of 
expenments, contentmg ourselves with the statement that the data 
were entirely confirmatory of the first senes (4) These results 
now have added significance m that they are not open to the objec- 
tions raised by Lennox m his recent article 

In 10 of the 12 expenments of the senes here pubhshed, the first 
blood sugar curve was determmed when the subject was seated, the 
second curve was determined when the subject was recumbent with 
legs delated Five, or 50 per cent of the 10 subjects had a higher 
blood sugar curve when the legs were elevated In our first senes. 



Effect of posture on the Hood sttiar curve fdlowing glucose tngestion 



Seated 


Leg* elevated 


betaneeti 

Snb}#ct 












Blood 

near 

Date 

Time 

Bload 

toftr 

1 Date 

Time 

teiti 


1925 1926 

mlmuta 

100 tt 

1 1926 

vtinuta 

«r" 

lOOec 


1 

t)cctmbCT3I 

0 

94 

January 4 

0 


4 



30 

135 


27 

132 




60 

92 


60 

99 


2 

January 5 

0 

90 

January 19 

0 


14 



32 

116 


35 

108 




67 

130 


65 

155 


3 

January 13 

0 

103 

January 15 

0 


2 



30 

132 


33 

135 




60 

115 


65 

127 


4 

January 18 

0 

99 

January 22 

0 


4 



40 

122 


32 ' 

118 




65 

128 


60 



5 

Jinuixy 22 

0 


January 20 

0 


2 



35 

166 


30 1 

123 




65 

140 


60 

174 


6 

Februarj 1 

0 

104 

Fcbruai> 3 

0 


2 



40 

125 


30 

148 




70 

111 


60 

167 


7 

February 15 

0 

104 

Febtuar> 17 

0 


2 

1 


30 

152 


30 

168 




65 

120 


60 

146 


8 

Match 3 j 

0 

99 

March 10 

0 


7 



30 

124 


30 

159 




60 

109 


60 

121 


9 

March 10 

0 ' 

99 

March 18 

0 


8 



30 

142 



152 




65 ' 

122 1 


60 

146 


10* 

March 19 

0 

97 

March 25 

0 


6 



30 

151 


40 

129 




60 

119 


70 

no 


11 

March 29 

0 

94 

Aprn2 

0 


4 



30 

156 


35 

153 




60 

112 


65 

118 


12* 

April 24 

0 


April 17 

0 

98 

7 



30 

157 


30 

177 




60 

175 


62 

189 

i 


Nonnol individual 










506 


CIRCULATION AND CARBOHYDEATE UTILIZATION 


previously published, the first curve was determined, in 12 of the 13 
experiments, with the subject’s legs elevated and the second curve was 
determined with the subjects seated Seven, or 58 per cent, of the 
12 subjects showed a higher curve when the legs were elevated The 
details of the second senes are presented in table 1 

Leimox’s suggestion that the lowered blood sugar curve, obtained 
when glucose is admmistered a second time results from the stimu- 
latmg effect of the imtial dose of glucose, is deserving of comment 
Smce the work of Foster (5), appreciation is general that glucose is a 
powerful stimulant to the sugar-disposmg mechamsm and that a 
much less pronounced hyperglycemia results from massive glucose 
mgestion if the mechamsm which removes excess sugar from the 
blood has been previously stimulated by glucose administration 
Remhold and Karr (6) have shown that other sugars are effective, 
through previous feedmg, m reducmg the hj^erglycemia resulting 
from glucose ingestion Du Vigneard and Karr (7) and also Green- 
wald and his co-workers (8) have shown that protems as well as 
carbohydrates stimulate the sugar-disposmg mechamsm, whereas 
followmg fat feedmg an exaggerated h 3 rperglycemia results after 
glucose admmistration, a situation which also prevails durmg fastmg 
How long the stimulatmg effect of glucose or other foods persists 
upon the mechanism that removes sugar from t'he blood has not been 
determined The mterval between successive tests m our two series 
vaned, with two exceptions, from 2 to 14 days In 6 of the 31 sub- 
jects of Lennox and Bellmger whose second blood sugar curve was 
lower than the mitial curve, the mterval between successive tests 
was similar to the interval m our experiments In the others it was 
longer In a number, the penod between tests was 300 to 200 days 
(1, table 2, p 335) 

It does not seem probable that the stimulus of a dose of glucose 
should endure for 14 days, not to say many months, without bemg 
considerably modified, if not completely abolished, by the changing 
metabohc conditions madent to ordmary food mgestion 

The mfluence on the blood sugar curve of the state of nutrition 
(starvation, certam diets), together with the effect of previous food 
mgestion, has for some tune been known It would seem, neverthe- 
less, that duphcate curves determmed at mtervals of a few days are 
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mdicative of conditions, expenmental or otherwise that occur dunng 
the interval, affecting the ability of the body to remove from the blood 
excessive amounts of ingested glucose At all events, any possible 
mfluence from a previous “sugar tolerance test” can be ehminated 
from discussion when considering the induction of a delayed sugar 
removal foUowmg mlerference with the circulation m the hmbs 
The experiments definitely mdicate that a relative “anemia” of the 
muscular tissues at least constitutes a part of the pathological picture 
m arthritis and probably is one cause of the delayed sugar removal, 
of non-diabetic nature, seen m arthntis 
In this connection, attention should be called to that grotip of 
arthntics whose blood sugar curves remam persistently high Lennox 
and BeUmger report similar findmgs in a mmority of other types of 
subjects Previous observations by Pemberton and Foster (9), 
pubhshed only m part, herewith recorded m table 2, show m a senes 
of persons, some of whom were active arthntics, some convalescent 
and some symptomatically cured, that the second blood sugar curve 
was sometimes even higher than the first, notwithstandmg previous 
ingestion of glucose at vanous intervals before the second test 
Grantmg that the mgestion of sugar does influence subsequent car- 
bohydrate utilization, it IS plam that this mfluence may be greatly 
overshadowed by other factors and that, furthermore, in the cases 
cited, there is no evidence of any such influence from the previously 
mjested glucose 
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GASTRIC FUNCTION IN CASES OF GASTRIC AND 
DUODENAL ULCER 

By GARNETT CHENEY and ARTHUR L. BLOOMFIELD 
{From thi Mtdiail Dtpartmentt Stanford UniversUy, Sckooi of Medtcino, San Franctsco) 

(Received for publication November 14, 1927) 

Athough the assoaation of high gastnc aadity with certain cases 
of gastnc and duodenal ulcer has long been recognized, the question of 
whether there are any findings on gastnc analysis constant enough to 
be of real diagnostic value has never been settled The figures in the 
hterature cover a wide range, m most senes of ulcer cases hyper- 
aadity is said to have been present m 30 to 70 per cent of the patients, 
whereas the remainder showed normal or subaadity Palmer (1) 
has recently reviewed the question of anaadity with gastnc ulcer 
Some wnters would relate the tendency to hyperaadlty with position 
of the ulcer near the pylorus or with other factors Hurst (2) is 
impressed by the occurrence of duodenal ulcer only m people who 
already have a hyperaadlty Brown (3) has recently summarized 
the question as follows “Somewhat less than SO per cent of patients 
show high normal or hyperaad conditions In rather more than 50 
per cent of cases the figures are well within normal limits, occasionally 
subaadity occurs and rarely anaadity ” 

In regard to the volume of secretion even less d efini te information is 
available The presence of large volumes has been assumed m certam 
instances of ulcer but the absence of methods for volume determma- 
tions has made any accurate comparisons with the normal impossible 
In summary, then, the general imphcation of the hterature is to 
the effect that no constant or characteristic findin gs on gastnc 
analysis are associated with peptic ulcer 
In a senes of recent papers, Bloomfield and Keefer (4) draw atten- 
tion to the inadequacy of the current methods of studying gastnc 
function by means of the ordmary fractional test Usmg a new pro 
cedure which made it possible to estimate, under imiform conditions 
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and with reasonable accuracy, the aadity of the undiluted gastnc 
]mce, the volume of secretion and the emptymg time, after a standard 
stimulus (50 cc of 7 per cent alcohol), they determined the normal 
vanations and, m general, set standards with which the findmgs m 
mstances of gastric disease might be compared Apphcation of these 
methods m a few cases of peptic ulcer (5) revealed a distmct group of 
findmgs and served as a stimulus for further observations The pres- 
ent report deals with gastnc functional studies m a larger senes of 
cases of gastric and duodenal ulcer 

MATERIAL 

Thirty-seven consecutive mstances of peptic ulcer were studied 
It seemed essential to include no questionable cases The diagnosis 
was confirmed either by operation or by uneqmvocal x-ray evidence 
together with bleedmg In every case the diagnosis was made and 
the patient was accepted for the senes before the gastnc analysis was 
done in order that the latter might play no part m mfluencmg our 
opinion The mam facts of chnical importance are summarized m 
table 1 

METHODS 

Studies of gastric function were earned out by the method which 
has been previously desenbed in detail (6) The curve of aadity, the 
volume of secretion, the gastnc volume curve and the emptymg time 
were determined followmg the standard alcohol stimulus 

• 

RESULTS 

A adity The heavy Ime in chart 1 shows the average aadity of the 
gastnc jmee at vanous age penods m a control group without orgamc 
disease of the stomach It has already been pointed out (4) that 
aadity on the whole dimmishes with advancmg years, and m con- 
sidenng the findmgs m disease this fact must be taken mto account 
Each dot m chart 1 mdicates the highest aadity of the pure jmee after 
the alcohol stimulus m a different case of peptic ulcer, plotted m rela- 
tion to the age of the patient That the aadity m every mstance but 
one was above the average is stnkmgly shown and the Ime of average 
aadity m the ulcer cases (broken line) bnngs this fact out even more 
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clearly There seems to be little question but that when the ac;dity 
of the pure juice is detenmned, with ehimnation of the factors of dilu- 
tion by test meal and neutralization by the buffers of sahva and test 
meal, high values are found to be present with great uniformity In 
one case, (no 14) there was absence of free hydrochlonc acid and tbe 



Chakt 1 Relation of Aodiiy to Aoe in Ulcer Cases 


pH of the gastric jmce (colorimetric method) was found to be above 
6 0 A simple gastnc ulcer was found at operabon, and autopsy later 
confirmed the diagnosis No stnking changes were discovered in the 
mucous membrane of the stomach A note on this patient has been 
published (7) 
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Volume of secrchon In chart 2 each dot represents the maximum 
ten-rmnute volume of gastnc secretion following the standard alcohol 
stimulus, plotted in relation to the age of the patient The heavy 
black line indicates the average ten-mmute volume of secretion of the 
controls m vanous age periods Here again one sees that m practi- 
cally every case the volume of secretion m people with peptic ulcer is 
above the normal average 
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Relmion Of Volume ovSecretiou to ^GE in Ulceb. Cases 

Chart 2 


MoUhly Various disorders of gastric motility have been described 
m connection with peptic ulcer Actual pyloric stenosis, when 
marked, constitutes, of course, a definite dmical entity with distinc- 
tive features To what extent the motility is disturbed by ulcer which 
has not led to pyloric occlusion is less clear The present observa- 
tions are based on complete aspirations of the entire gastnc contents 
at ten-mmute mterrmls after introduction of the 50 cc alcohol meal 



GAEITETT CHENEI AND ARTHUB. L BLOOIIFIELD 


517 


A 10 cc. sample is retamed and the remainder is immediately returned 
to the stomach. This procedure makes possible the plottmg of curves 

cc 



CUAET 3 VOLUUE CURl'ES IN UlCEH CaSES 

of gastnc volume, a senes from a group of control cases has already 
been published (4) In chart 3 arc shown such curves from cases of 
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curve In chart 4 the solid lines represent composite graphs of the 
volume curves m the controls without disease of the stomach curve 
C of all the cases, curve A of aU cases showmg an imtial rise and curve 
B of aU cases showmg an imtial fall The dotted hnes represent simi- 
lar composite graphs of the curves shown m chart 3 It appears that 
motility m peptic ulcer cases as revealed by the present methods is 
practically identical with motihty m the control group 

COMPARISON OP FINDINGS IN GASTRIC AND DUODENAL ULCER 

On refemng to table 1 one is struck by the fact that the gastnc 
ulcer patients on the whole were older than those with duodenal ulcer 
The age of the former averaged 57 years, of the latter 38 years The 
same general conditions, however, as regards aadity and volume of 
secretion held m the two groups The average aadity m the gastnc 
ulcer cases was 90, m the duodenal ulcer cases 99, the average ten- 
mmute secretory volume m the former was 46 5 cc., m the latter 43 0 
cc The senes is not large enough to justify conclusions as to differ- 
ences of motility in the two groups However, reference to chart 
3 shows that every type of volume curve was obtamed both m gastnc 
and duodenal ulcer cases 


DISCUSSION 

The purpose of the present work has been to make an objective com- 
parison of gastnc function usmg a standard method m a senes of ven- 
fied instances of gastnc and duodenal ulcer and m a control group 
It appears that ulcer cases with one exception showed higher aadity 
and larger volumes of gastnc juice than the average figures for the 
controls in the vanous age penods Motihty on the whole showed no 
speaal features m the ulcer cases 
Throughout this work we have kept m mind the question of the 
practical diagnostic value of these findings It has already been 
shown that great vanations exist m the gastnc findmgs in people 
without organic disease of the stomach The mere presence of high 
aadity and large volume of secretion is therefore not pnma faae 
evidence of ulcer WTiether people with this type of gastnc activity 
are espeaaUy susceptible to ulcer as Hurst (2) suggests, will be di^ 
cussed in a future communication The absence of high aadity and 
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large volume, on the other hand, we believe to be of the utmost im- 
portance in rulmg out the presence of bemgn ulcer In cases of indi- 
gestion, for example, with doubtful radiological signs, absence of high 
values for aadity and volume are very strong evidence against ulcer 
The question of whether the high acidity is antecedent or consequent 
to the ulcer and the entire matter of the etiology of peptic ulcer are now 
under investigation and will be discussed in another paper 

CONCLUSIONS 

1 Study of gastnc function by a standard method shows that 
in verified cases of gastnc and duodenal ulcer gastnc acidity and 
volume of gastnc secretion are greater than in people without gastnc 
disease These findings, with one exception, were uniform m a senes 
of 37 cases 

2 No special characteristics of gastnc motility m ulcer cases were 
discovered 
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THE INFLUENCE OF A DIET, HIGH IN BUTTER 
FAT, O'h! GROWTH, BLOOD FORMATION AND 
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By GCLLI UNDH MULLER 

{From Oit Thorndike Memorial Laboralory of ike Bosioft City Bospital) 

(Received for pabllcatlon January 16, 1928) 

The conception that a diet high m fat m some way influences blood 
formation and blood destruction, espeaally m permaous anemia and 
m the anemias of infants, has been voiced repeatedly, and it has been 
recently re<stated by Mmot and Murphy (1) The uncertainty, 
however, as to the effect of fat on the blood and blood forming organs 
IS well illustrated in the hterature. Mmot and Murphy (1) empm- 
cally exclude most fat from the diet of permaous anerma patients, 
while Koessler and assoaates (2) recommend a diet for the same disease 
m which approximately two thirds of the caloric mtake is in form of 
fat, mainly derived from dairy products 
The theory that the blood formmg organs are harmfully affected 
by excess fat and tatty aads derived espeaally from rmlk and its prod- 
ucts IS, m a measure, supported by the prevalence of permaous anemia 
m countnes where the dairy mdustry and consequent consumption of 
dairy products occupy a prominent place Moreover, permaous 
anemia patients are usually well nourished in contrast to those suffer- 
ing from other diseases assoaated with anenua and histones of these 
patients show in many mstances a choice of food nch m fat (1) Gib- 
son and Howard (3) state that patients with permdous anemia do not 
do well when butter is added to their diet Hammarsten (4) points 
out that fat people as a rule tend to have less hemoglobin than thm 
people Czerny (5a) claims that mjunous agents present in min' 
produce anemia in infants These agents are said to be tatty aads 
which cause an mcrease of blood destruction (6) As proof for this is 
ated the improvement which takes place as soon as milk is lumted 
and other food products substituted Stoeltzner (7) pomted out that 
a severe hemolytic anerma could be produced m children by goat’s 
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milk This anemia disappeared as soon as the nulk was elimmated 
Whether, however, all these anemias of infants are due to excess fat 
may be questioned Mdk is very low m iron (8) and experimental 
anemias may be produced by mdk diet and cured by the addition of 
iron (9) (10) It is also claimed that a vitamin defiaency may account 
for the anemia of infants fed exclusively on milk (11) 

This paper deals with the effect of a high fat diet on the blood and 
blood-formmg organs of the rat, and the evidence tends to show that 
if all the other necessary constituents of the diet are present, an excess 
of fat denved from mdk exclusively does not of itself impede either 
growth or blood formation 


EXPERIMENTAL 

Sixteen healthy rats were used Of these eight were put on the 
stock diet of the laboratory to which was added m il k , butter, bread, 
meat, celery and carrots, thus insurmg a thoroughly mixed diet The 
remammg eight were fed a high fat diet m which 86 5 per cent of the 
caloric mtake was denved from Butter iat (See table 1 ) The pro- 
tein was supphed by pure casern, and the salt mixture was the one 
recommended by Osborne and Mendel (12a) The creamery butter 
was washed repeatedly to free it from any salts, then cooled to low 
temperature and the water removed carefully The dry mgredients 
of the diet were thoroughly mixed after weighmg, and then gradually 
worked mto the butter to insure a complete mixture Two kilograms 
of the mixture were made at a tune and the food was kept m the ice box 
between feedmgs The consistency of the mixture was such that no 
scattenng of the food was possible, thus msurmg fairly accurate 
measure of the quantities consumed To this diet was added a small 
piece of carrot or celery twice a week to provide some bulk and any 
possible constituent necessary for mamtenance and growth as it was 
desirable to exclude as far as piossible aU factors influencmg growth 
unfavorably except, potentially, the fat This very small amount of 
vegetables has been disregarded m calculations of the diets The food 
of the group on the high fat diet was carefully weighed durmg the 
whole of eight months and at no tune were the dishes allowed to be 
empty All the rats were kept m mdividual wire cages with raised 
bottoms, and fresh water was supphed freely Examinations of 
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freely flowing blood from the tip of the tail were done twice a mohth 
At the end of the experiment Zenker fixed tissues, stained with eosm 
and methylene blue, and for iron with the potassium fem-cyamde 
method, were studied 

Each group of animals included (a) young rats, bom m the labora- 
tory and put on the diet at the age of 6 to 7 weeks, (b) mature animals 
about 24 months old. 

The growth of the young animals proceeded at a rapid rate The 
imtial weight (see table 2) of four of them on high fat diet was doubled 
respectively in 86 (no 39), 69 (no 62), 47 (no 61), and 44 (no 37) days 
The controls doubled their weight in 63, 56, 42 and 41 days Most 
of the animals weighed over 100 grams before they were put on the 


TABLE 1 

Ccmpcsihon oj htgk fat dul 



per 

cest j 

Calorin 
b 1000 snemA 

Per cent of 
cabrks 

Casein 


820 

10 7 

Salt free washed butter 


6,603 

86 5 

Fleishman's dried >*east. 

5 

205* 

2 6 

Salt 

4 




* The calonc value of Flcishnian'* jcast has been aibitiarJly chosen as calone* 
per gram. 


diet The penods for doubling the weight are therefore longer than 
those reported by other obsen'ers as, for example, Hopkins (13) who 
found that startmg w ith an imtial weight of about 50 grams, the males 
(76 per cent) doubled their weight m 2 weeks, while females as a rule 
gamed more slowly and irregularly 
All the animals of adult size on the high fat diet mamtamed and 
added to their weight (table 2) Toward the end of the experiment, 
houever, they had dry, thin fur, and one of them a scab-like erapbon 
on the neck. As slight dryness of the hair was also observed in one of 
the \oupg animals on the high fat diet and m none of the controls, 
it maj have some significance, m relation to the diet, worthy of m- 
vestigation The same phenomenon was observed by Frank (14) 
m his senes of rats fed on high fat diet and he suggests that it may be 
due to the excess or disproportion of vitamm A m companson with the 
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other vitamins He found that feedmg carrots from the beginmng 
prevented the skm affection, and addmg carrots to the diet after the 
eruption had appeared caused improvement He also quotes Czerny 
(5b), who observed that tuberculous children fed 80 grams of cod 


TABLE 2 



Red blood cells 1 

Hemoglobin 

VTiite ' 




Number 

A^'cragc 

during 

pcnod 

Final 

Average 

during 

penod 

1 

Final 

cells— 

average 

during 

penod 

Initial 

weight 

Final 

weight 

1 

Gam of 
weight 


High fat Groivmg rats 


1 

millions 1 

millions 1 

Per cent 

Per cent , 

thousands | 

grams 

grams ^ 

grams 

399 

8 6 

8 3 

76 

88 

12 3 

102 

262 

160 

37cf 

9 8 

10 3 

80 

83 

11 1 

84 

368 


61cf 

9 8 

9 9 

87 

99 

9 3 

136 

443 


62 d* 

9 7 

10 0 

81 

83 

7 0 

139 

424 



Controls 


659 

9 0 

Bi 

1 

82 

104 

m 


279 

159 

63 c? 

10 0 

In 

87 

111 

■11 

134 

477 

343 

64d’ 

9 9 

11 4 

87 

104 

mSa 

136 

480 

344 

66d’ 

10 3 

10 6 

85 

111 

10 6 

135 

450 

315 

1 


High fat. Adult rats 


189 

8 4 

9 5 

80 

76 

111 

244 

277 

38 

19 9 

8 5 

9 1 

83 

77 

MB 

284 

315 

31 

20 9 

8 9 

8 5 

77 

70 


262 

286 

24 

219 

9 1 

9 3 

88 

80 

16 3 

261 

317 

56 


Controls 


349 

9 0 

1 9 2 

1 79 

1 73 


234 

mm 

1 50 

35 9 

9 3 

9 7 

1 89 

88 

wa 

257 

m 

58 


liver oil daily developed eczema which disappeared as soon as the cod 
hver oil was withdrawn 

The daily food consumption per 100 grams of hve weight, calculated 
for the entire eight month period, vaned from 3 26 to 3 55 grams for 
the adult group, and from 3 35 to 4 57 grams for the young rats This, 
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expressed in calories, is from 24 9 to 27 calones for the adult group 
and from 25 6 to 34 7 for the young rats The distribution of the 
calonc intake is illustrated in table 3 From the examination of this 
table it will be seen that for the two young rats put on the diet m 
April, the calonc intake per 100 grams live weight remamed high for 
the first three months and then suddenly dropped m July Num- 
bers 61 and 62, put on the diet m the begmmng of June, showed a high 
calonc intake and a gam of 108 and 88 grams respectively for the 
first month There was a sudden drop in the calonc intake m July, 


TIBLE 3 

ivtragf caloric tnlake ptr day for 100 jramj oj live v.'etslil 







Ju^ 

Anfust 


Octo 

ber 

Novem- 

b<r 

Dec«n 

ber 

Jum 

•ly 




High (at diet 

Growing rats 





37 ti' 


59 2 

42 S 

to 9 

24 2 

25 2 

27 9 

24 0 

21 5 



399 


39 0 

39 7 

to 6 

29 9 

31 1 

32 7 

23 7 

19 8 



61 cT 




51 9 

28 2 

28 4 

22 9 

25 2 

16 2 

19 6 

18 6 

62o' 




S3 0 

29 1 

31 t 

29 1 

28 3 

18 0 

22 1 

20 3 


High f&t diet Adult rets 


18 9 
199 

20 9 
219 

34 0 
30 7 
36 4 

35 5 

27 9 
25 5 
27 9 
25 2 

25 8 
20 4 
23 7 
28 5 

27 9 

28 2 
31 6 
27 9 

23 7 
23 1 
26 1 
22 1 

23 6 
22 2 
23 1 
14 1 

24 8 
26 6 
24 1 
26 1 

22 1 
23 4 
26 0 

19 9 



Av 

crage 

34 1 

26 6 

24 6 

28 9 

23 7 

20 7 

25 4 

23 1 




then a gradual decline In the adult rats, mth very shght gam 
of Height, the calonc intake dunng the first month exceeded that m 
any of the others, and m July and espeaally August the consumption 
was low 

That the calonc requirements of the rat display a tendency to dimm- 
ish with the increasing duration of the experiment has been shown by 
hlacallum (15) One may add that the season also mfluences the 
consumption of food, the hot summer months showing a definite drop 
in the calonc mtake, without, m the^ experiments, any tendency to 
loss of weight 
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In table 2 the average red blood cell count dunng the entire period is 
recorded with the final count In the young rats the final count as a 
rule IS somewhat higher than the average, on account of the lower 
counts obtamed dunng the penod of growth The same holds true 
of the hemoglobm Although both the red blood cells and the hemo- 
globm are shghtly lower m the animals fed on a high fat diet, they are 
weU within normal limits as found m this laboratory m a senes of 150 
apparently healthy rats The shghtly lower hemoglobm may perhaps 
be due to a defiaent intake of morgamc salts because of the high 
calonc diet From the evidences at hand, however, there is no m- 
junous effect on the blood-formmg organs of the rat from an extremely 
high diet of milk fat 

In the adult rats the red blood cells stayed at approximately the same 
level throughout the experiment The final hemoglobm tended to be 
lower m all the animals both m the high fat group and the controls 
Possibly an age factor plays some r61e 
At necropsy nothmg abnormal was noted m the animals on a high 
fat diet except excessive mcrease of abdommal fat Microscopic 
examination of the bone marrow showed shght mcrease m fat cells 
but the blood forming constituents were entirely normal The hver 
showed fatty infiltration m 6 out of 7 ammals studied This was 
marked in one case, moderate m two, and shght m three In the eight 
controls two showed shght fatty infiltration of the hver 
Levme and Smith (16) m their experiments with high fat diet of 
shorter duration than the above found sections of the hver normal in 
structure and devoid of fat droplets 

DISCUSSION 

That rats can grow on a diet m which the caloric intake of fat rep- 
resents from 80 to 90 per cent of the total food has been shown by 
Osborne and IMendel (12b) They were able to secure growth m some 
of their rats and the failures were explamed by the deficient intake of 
protem and salts due to the high calonc diet Snuth and Carey (17) 
were unable to secure growth m their rats at a normal rate after 50 
days on a ration contammg 86 per cent fat calones, denved from lard 
and cod hver od, while Levine and Smith (16) feedmg the same per- 
centage of fat from the same sources secured normal, or shghtly below 
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normal, growth from 30 to 180 grams in body weight They con- 
cluded that rats grew as effiaently on a high fat diet as on a mixed 
diet and that the fat was utilized almost completely Frank (14) 
feeding a ration of milk fat as high as 91 per cent of the caloric intake 
to rats found that the animals on the fat ration grew more rapidly than 
groups fed on a high carbohydrate diet or a normal diet 

The results of the experiments reported m this paper confirm those 
of the above authors, showmg defimtely that rats can grow to adult 
size and that adult rats can mamtain and add to their weight over a 
period of eight months on a diet m which 86 5 per cent of the calonc 
mtake is in the form of butter fat. 

The relation of a high fat diet to blood formation and blood destruc- 
tion has been deduced mainly from chnical observations That a lack 
of fat m the diet and primarily perhapis a lack of the fat soluble vitam- 
ins will cause a rapid general dechne accompamed by anemia has been 
demonstrated by Koessler and assoaates (2) In experiments on rats 
subject to diets m which the vitamins were insufiBaent or lacking, 
Weitbrecht (18) found that fat m the form of ohve oil caused a more 
rapid fall of blood cells and hemoglobm and a shorter course before 
death supervened, than the standard vitamin free diet alone Anemia 
was not found m all the anunals fed on a fat and vitamm free diet 
The author therefore concluded that for the production of anemia 
constitutional factors are necessary The anenua which occurred m 
the animals fed with fat ns well as m the older adipose animals fed 
on a vitamm free diet ran a more severe course and went mto an aplas 
tic form As an explanation for this Weitbrecht considered either an 
injurious efiect of the fat m itself, or a similar effect from the fat m a 
vitamm free milieu McCamson (19) also found that a degree of 
avitammosis producing a certain tram of symptoms mcludmg anemia 
m pigeons and monkeys m the presence of excess starch, will do so 
twice as rapidly if there is also an excess of fat, i e , an excessive mtake 
of energy beanng constituents will produce symptoms with an in- 
complete avitaminosis os rapidly as a complete avitammosis with 
energy beanng constituents not so excessive. He concludes that the 
greater the mtake of fat and starches thegreater mustbc the intake of 
vitamin B 

From the experiments by Weitbrecht and McCamson with vitamin 
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defiaency the conclusion may perhaps be drawn that fat as such is 
injurious because it is an energy bearing substance m a vitamm defi- 
aent miheu, and that growth, mamtenance and consequently the 
activity of the blood fomung organs is unpaired through the lack of the 
essential vitamins That butter fat as such, aU the other constituents 
of the diet bemg satisfactory, does not injure or inactivate blood 
formation or increase blood destruction in rats, the experimental 
ammal of preference m nutritional studies, has been defimtely shown 
in this study 

To summarize, therefore, young rats wdl grow to adult size, adult 
rats wdl maintain and add to their weight on a diet contammg 86 5 
per cent of the total calories as butter fat, fed over a period of eight 
months, without the development of an anemia and without any 
apparent mjury to the blood-formmg organs 

CONCLUSIONS 

The effect of a diet with 86 5 per cent of the caloric mtake m the 
form of butter fat was studied on growmg and adult rats, with refer- 
ence to growth, maintenance, blood formation and blood destruction, 
over a penod of eight months 

1 Young rats grew to adult size and adult rats mamtamed and 
added to their weight 

2 There was no evidence of mjury to the blood-formmg organs 
in either group Shghtly lower, but well withm normal, hemoglobin 
values m the growing rats may, perhaps, be explained as the result of 
somewhat deficient mtake of salts due to the high calonc diet 

3 Dr>’’, thin fur was observed m the adult group and in one of the 
growmg rats A scab-hke eruption was present m one of the adult 
rats 

4 The calonc mtake per 100 grams of five weight decreased with 
the duration of the experiment m both groups 

5 The necropsy findings were normal except for increase of the ab- 
dommal fat and fatty infiltration of the hver in 6 out of 7 cases studied 

6 The bone marrow showed shght mcrease m fat cells with nor- 
mal blood-formmg constituents 

I am mdebted to the late Dr Francis W Peabody, who suggested the 
expenment and it gives me great pleasure to acknowledge his valuable 
advice 
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A NEW PROCEDURE FOR DETER:^^NING BLOOD SEDI- 
MENTATION RATES 

E. D PLASS AND M D ROtlRKE 

(From the Department oj Obstetncj and Gynecolo^yt Stale Unieersity of Iowa, Iowa City 
and the Boston City Hospital Boston^ 

(Recaved for pobUcaDon April 2, 1928) 

A new method has been developed for clinical determinations of 
the sedimentation rates of red blood cells It differs from the 
methods generally m use m that (1) Hepann' is employed as the 
anticoagulant (2) Special tubes’ are employed for the actual sedi- 
mentation, which are 12 0 cm in height over all and have an inside 
diameter of approximately 3 80 mm The lower ends of the tubes 
are sealed flat, and graduations are placed every two milhmeters from 
the bottom to a height of 100 mm The capaaty up to the zero 
mark (100 mm) vanes from 1 11 to 1 18 cc — the capacity bemg 
etched upon the glass by the manufacturer at the time of the onginal 
cahbration (3) Results are expressed in terms of the percentage of 
total possible setthng which occurs dunng the observation penod — 
one hour 


DETAILS OF METHOD 
» 

Collection tubes (15 cc graduated centrifuge tubes are convement) 
are prepared by mtroducmg 0 1 cc of a solution of hepann containing 
1 5 mgm of the anticoagulant (75 0 mgm heparm m 5 0 cc. distilled 
water), and evaporating off the water m an electnc oven or otherwise 
This leaves a thm film of finely dispersed hepann m the bottom of 
each tube, suffiaent under ordmary arcumstances to prevent coagula- 
tion m 5 0 cc of blood for twenty-four hours The tubes are stop- 
pered to prevent contanunation 

’ Heparin may be obtained from Hynson, Weatcott and Dunning, Baltimore, 
Maryland 

•Theae tubes have been manufactured for us by Macalaster Bicknell Com 
pany 40 Wendell Street, Cambridge, Mass 
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When a specimen of blood is desired it is drawn directly mto the 
centnfuge tube by means of the arrangement indicated in figure 1, 
or IS taken first into a syrmge and then introduced mto the tube 
containmg the hepann The latter procedure permits blood to be 



Fig 1 Blood Collection Tube and New Blood SEDUiENTAnoN Tube 

taken at the same time for blood chemistry or for other purposes 
where its mixture with hepann might be a distmct disadvantage 
In any case thorough mixture with the heparm must be secured 
Shakmg may be resorted to, since aeration of the blood has httle 
effect upon the rate of sedimentation When very accurate deter- 
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minations are essential, collection under oil has been adopted, but 
for cbnical purposes is not necessary 

With a pipet drawn out to a long, fine point so that it may pass 
easily to the bottom of the sedimentation tubes and graduated 
roughly at 1 25 cc , a part of the specimen is now transferred to a 
sedimentation tube so that the meniscus is at the zero mark The 
tube is placed m a vertical position and allowed to stand undisturbed 
for one hour, when a reading of the height of the clear plasma column 
IS noted on the millimeter scale The tube is now centnfuged for 20 
minutes at a spieed of approximately 2500 r p m , and the height of 
the plasma column read agam This latter reading gives directly the 
percentage of plasma m the speamen, or the total possible setthng in 
miUimeters By dividmg the millimeters of clear plasma obtained 
after one hour setthng by the milhmeters of clear plasma after 
centnfugmg, and multiplying by 100 one obtains directlv the per- 
centage of total possible setthng which has occurred m one hour — 
the final value 

If the top of the ongmal blood column 0 the top of the cell 
column after the end of 1 hour = 20 mm and the top of the cell 
column after centnfugmg = 60 mm , M X 100 = 33 3 per cent of 
total possible settling in 1 hour 

RESDITS 

The sedimentation rates of certain presumably healthy j'oung 
adults (22 men and 45 women) have been determined by this method 
with the results given in table 1 

It should be noted that the sedimentation rate is higher m women 
(average— 30 9 per cent) than in men (average — 11 4 per cent), a 
fact which has been noted by all previous mvestigators It is also 
apparent that the plasma volume percentage is higher m women 
(average — 56 5 per cent) than m men (a\erage— 50 8 per cent), an 
observation which partially explains the more rapid settlmg m the 
former We have been unable to detcrmme any definite relation 
between the sedimentation rate in women and the penod in the 
menstrual cycle at which the specimen was obtained Of the six 
women who had sedimentation rates abo%e 50 per cent, one had just 
begun to menstruate and one was about due, while the others reported 
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TABLE 1 


Noriiutl values 


Case number j 

Plasma after 1 hour 

plasma after centnfueJng 

Percentage of total pos 
sible settling In 1 hour 

Healthy young men 


mm 

mm 

per cent 

1 

6 

49 

12 

2 

6 

52 

12 

3 

2 

48 

4 

4 

9 

52 

17 

5 

6 

48 

P 

6 

5 

50 

10 

7 

4 

52 

8 

8 

6 

51 

12 

9 

6 

49 

12 

10 

6 

50 

12 

11 

2 

52 

4 

12 

5 

53 

9 

13 

9 

52 1 

17 

14 

5 

50 

10 

15 

5 

61 

10 

16 

10 

54 

19 

17 

6 

51 

12 

18 

1 

48 

2 

19 

11 

53 

21 

20 

9 

50 

18 

21 

3 

49 

6 

22 

6 

53 

11 

Healthy young women 

1 

14 

54 

26 

2 

23 

59 

39 

3 

22 

58 

38 

4 

32 

62 

52 

5 

22 

I 57 

39 

6 

10 

"3 

19 

7 

20 

61 

33 

8 

23 

58 

40 

9 

15 

56 

27 

10 

23 

58 

40 

11 

8 

57 

14 

12 

32 

56 

57 

13 

2o 

57 

49 

14 

18 

55 

33 

15 

7 

58 

12 
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TABLE l—CcnOmma 

Oso number Pletnu efter 1 hoot Phrme efter centifluslni ta^hoS’ 


Healthy yoang women— Co«/*nw«i 



fUU 

IHlil 


16 

18 

57 

32 

17 

17 

54 

31 

18 

20 

58 

34 

19 

20 

54 

37 

20 

32 

55 

58 

21 

26 

55 

47 

22 

18 

56 

32 

23 

12 

57 

21 

24 

34 

59 

58 

25 

29 

56 

52 

26 

‘5 

55 

27 

27 

» 

52 

15 

28 

19 

56 

34 

29 

5 

54 

9 

30 

12 

54 

22 

31 

11 

S3 

21 

32 

25 

59 

42 

33 

32 

57 

a6 

34 

20 

57 

35 

35 

5 

57 

9 

36 

7 

56 

13 

37 

10 

54 

1 lo 

38 

8 

56 

14 

39 

8 

58 

14 

40 

21 

58 

36 

41 

14 

55 

25 

42 

14 

62 

23 

43 

9 

57 

I 16 

44 

15 

58 

26 

45 

10 

56 

18 


the onset of the previous penod 13 days, 21 days, 6 days, and 25 
days earher, respectively Repeated dctenmnations on the blood 
from normal individuals has shown that the sedimentation rate 
vanes only very shghtly from week to weeL 
By reason of the range of values obtamed upon our seneS of healthy 
young women, supported by our climcal espenence with the test, 
we have placed the upper hmit for normal m women at 65 per cent, 
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and look upon higher values as indicating the presence of some 
physiological or pathological condition associated with abnormally 
high sedimentation rates Our evpenence with the blood of healthy 
men leads us to place the upper limit of normal at approximately 25 
per cent 


DISCUSSION 

Hepann is used as the anticoagulant because we have shown that 
it does not affect the setthng rate or the cell volume m any con- 
centration which rmght reasonably be used to prevent coagulation 
The morganic anticoagulants usually employed (sodium atrate and 
potassium oxalate) retard the sinkmg of the cells in proportion to 
their concentration, and unless used in isotomc solutions mterfere 
with the size of the blood cells and so disturb the plasma volume 
readings Moreover, when they are used m solution and a certain 
amount of blood is specified to be drawn into a given amount of 
anticoagulant solutions (Linzenmeier (1) and Westergren (2) methods, 
and their modifications) in a graduated syringe, accurate mensura- 
tion becomes difficult, if not practically impossible As Bonmger 
and Herrmann (3) have emphasized, even absolute accuracy would 
not be of much value, smce the flmd introduced actually dilutes the 
plasma, the amount of which m a given specimen of blood is un- 
known when the dilution is made, unless a preliminary hematocnt 
is done If a blood contams 50 per cent of cells by volume and is 
diluted 4 parts to 1 part of anticoagulant solution, the plasma is 
diluted 2 1, whereas if the blood contams only 25 per cent of cells 
b 3 " volume and the same dilution is effected, the plasma becomes 
diluted 3 1 Certainly the use of an anticoagulant solution intro- 
duces factors which can not be controlled but which have a defimte 
effect When even accuracy of dilution is so obviously impossible, 
It beccmes apparent that the whole detenmnation, when carried out 
by the more commonly used methods, is httle more than an ap- 
proximation By the use of dned hepann, dilution is entirely 
avoided, and its attendant difficulties and errors are eliminated 
Rubin and Snuth (4) have used drj’’ hirudm as an anticoagulant wth 
the assumption that it avoids the errors inherent in the morganic 
anticoagulants Bonmger (5), on the other hand, reports that hirudin 
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blood generally settles more slowly than untreated blood, and that 
the sedimentation rates in hirudinized bloods and in oxalated bloods 
for the most part agree We have found m a few experiments that 
bloods taken over hirudm settle somewhat more slowly than those 
taken over heparm, even though the slowing is not as marked as 
when sohd oxalate is employed Hejiann has one disadvantage — it 
costs about one cent per miUigram 

The total length of the column of blood is probably the most im- 
portant of the physical factors involved and yet relatively httle 
attention has been paid to secunng umfomuty m this respect Sedi- 
mentation tubes of the size we use provide for a column of blood of 
the same height m all tests, and are, moreover, of such a caliber that 
the acccleratmg effect of capillary action is small The total amount 
of blood which we use is moderate and duphcate determinations can 
easily be made from an onginal sample of 3 to S cc We have found 
that duphcate readings agree within such a small percentage that for 
clmical purposes a smgle readmg only is made 

One hour has been selected as the most useful penod for a smgle 
readmg, smce at that time sedimentation in normal bloods is damped 
neither by prelimmary agglutination nor by packing As a close 
approximation, it may be said that when the plasma volume is 60 
per cent or less a retardation of the settlmg rate becomes apparent 
by the tune the top of the ccU column has reached the 40 iriTn mark 
Therefore, in rapidly setthng bloods packing has usually become effec- 
tive withm the one-hour penod, but is of no importance it one takes 
the view that the test is of more value as a negative findmg, i e , a 
slow sedimentation rate is more accurately evaluated than is a rapid 
sinking The adxmitage of making readings after a given time 
interval rather than deterrmmng by frequent readings the time 
necessary for the blood to settle a certain number of milhmeters 
(Linzenmeier (1) method) is obvious hlost recent workers ha\e 
adopted this pomt of view , although the Linzenmeier method, which 
is perhaps used more than an> other m this country, is based upon the 
other principle 

By centrifuging the blood in the sedimentation tubes at the end of 
the one hour penod of settling, we determine directly and with 
sufficient accuraev the total plasma volume, and are thus in a posi- 
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tion to correct our results partially for variations m cell volume, which 
have a pronounced effect upon the rate of sedimentation A reduced 
ceU volume mcreases the rate of setthng even though other factors 
which may influence this rate are not disturbed By dilutmg centri- 
fuged cells with their own plasma to different cell volumes and then 
detenmnmg the rate of sedimentation, this fact can be demonstrated 
easily This means practically that every patient with an anemia of 
any consequence will have a rapid sedimentation rate, even though 
no other cause leadmg to rapid setthng may be operative Ob- 
viously this confuses the interpretation of results and is particularly 
anno 3 ung if one emphasizes especially the value of a normal setthng 
rate. By mtroducmg m our calculation the plasma volume per- 
centage as determined by centnfugmg the blood (blood volume mmus 
cell volume) as representmg the total possible setthng, and computmg 
the sedimentation rate as the percentage of total possible setthng 
occumng during the one-hour observation penod, we are avoidmg 
some of this difficulty An alternative procedure, the compilation 
of a chart showmg the setthng of different concentrations of normal 
ceUs m their own plasma, would undoubtedly be more accurate, but 
the method adopted is somewhat simpler and has been shown by a 
year of chmcal test to be quite satisfactory Our experience does 
not agree with that of Rubm and Snuth (1 c ), that, “ the 

ceU volume obtained by hematocrit bears a fixed ratio to that ob- 
tained by the spontaneous setthng of the cells in twenty-four hours 
” Among 10 normal men in our senes, the setthng in 24 
hours represented from 62 to 77 per cent of the total possible setthng 
(hematocnt), whereas among 35 women it ranged from 65 to 95 
per cent In general, it may be said that the amount of spontaneous 
setthng bears a closer relationship to the sedimentation rate than to 
the ceU volume, — the more rapidly the cells settle, the more nearly 
complete is the spontaneous setthng in 24 hours In pathological 
bloods, the variations are even greater than m the normals quoted 
INIoreover, we prefer to have the final readmg available as soon as 
possible, and for that reason alone would choose centnfugahzation 
The complete data, upon which some of the statements m this 
paper are based, wiU be presented in a later commumcation, as wiU 
also the results of the chmcal apphcation of the test m a large senes 
of obstetncal and gynecological patients 
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SUIIMAKY 

A new method is advanced for the determination of sedimentation 
rates as a climcal procedure The technic described obviates some 
difficulties inherent m the methods now m common use Hepann is 
employed as the anticoagulant, speaal tubes are used givmg a column 
of blood 100 mm high, and results are expressed as the percentage of 
total possible settling (plasma volume percentage determmed by 
centnfugmg), which occurs dunng the one-hour penod of observation 
The results obtamed on the bloods of 22 normal men and of 45 
normal women are reported 
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STUDIES ESr BLOOD COMPOSITION OF ANIMALS UNDER 

PATHOLOGICAL CONDITIONS 

I Brokcho pneumonia in cows 

Bv A A. HORVATH A^•D R. B LITTLE 

{Protn tkt Department of Animal Palfiologe of the Rochefeiler Institute for ifeAical Research 
Princeton Reso Jersey) 

(Received for publication Januarj 30, 1928) 

INTRODUCnON 

According to Myers (4) and others the development of severe 
pneumococcus pneumoma in human subjects often entails a more or 
less pronounced impairment of renal function, apparently secondary 
to the pneumoma At the time of the crisis some increase m the non- 
pxotem mtrogen of the blood was found, due chiefly to a rise m the 
undetermined fraction When the urea mtrogen exceeds 20 mgm 
there is generally some creatimne retention Recently McIntosh and 
Reiman (5) found that senous unpairment of kidney function durmg 
lobar pneumoma was not encountered Berger and Petschacher (1) 
and others showed also that in man there is in pneumonia a marked 
rise m the globuhn fraction of the blood serum In broncho-pneu- 
moma most patients show a decrease in the blood chlondes before the 
crisis 

It seemed of value to find out what changes take place in the 
chemical composition of the blood in bovme pneumoma due to bipolar 
organisms {B boemscpitcus) 

MATERIAL AND PROCEDURE 

Eight cows, isolated from a herd on account of more or less high 
temperature and chmeal symptoms of pneumoma of vanous degrees 
of sevent), were bled from the jugular vein (40 cc) and the blood 
plasma (ovalated) analyzed for glucose (Fohn and Wu’s method), 
chlonne (WTutchom’s method), non protein mtrogen (Fohn and 
Wu’s method), unc aad (Benedict’s method), creatimne (Fohn and 
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Wu’s method), cholesterol (Bloor’s method), and albumin, globulm 
and fibnn (Wu and Lmg’s method (8)) Control analyses were 
earned out on the blood plasma of four normal cows 

TABLE j 

Bhod cantttiuenU in ittfrmal and pneumonia cows 


(Figuits per 100 cc. of blood placna) 


Dtre 

1 

1 

1 

1 

1 

jt 

u 

■s 


1 

J 

1 

1 

1 

o 

1 







■{at. 


•ifft. 

|M 

tm. 


t" 

October 25 

1 


66 

6 

386 

23 

n 


1 

43 

133 

2 

3 

49 





November 7 

2 

Normal 

62 

4 

368 

as 

69 


1 

36 

144 

3 

3 

49 

2 

36 

0 

274 

No\»ember 7 

3 


71 

6 

388 

22 

22 


1 

30 

88 

2 

3 

34 

2 

82 

0 

226 

November 7 

4 


70 

8 

386 

17 

65 


1 

25 


9 

3 

72 

3 

96 

0 

251 

October 31 

S 


71 

2 

338 

52 

14 


2 

34 

73 

2 

2 

33 

4 

61 

0 

411 

■November 6 

5 


02 

5 

356 

26 

50 


1 

36 

82 

5 

2 

26 

S 

14 

0 

411 

November 30 

5 


69 

d 

334 


01 

1 87 

1 

90 

83 

2 

2 

56 

6 

56 

0 

377 

October 31 

6 


64 

3 

358 






89 

E 

2 

84 

3 

70 

0 

452 

November 10 

6 


87 

1 

346 

28 



1 

20 

88 

2 

3 


3 

46 

0 


November 17 

6 


55 

3 

326 

33 

40 


1 

16 

luT 

7 

3 

34 

3 

18 

0 

411 

November 30 

6 


55 

3 

364 

m 

72 

1 82 

1 

25 

U5 


3 

72 

4 

30 

0 

361 

October 31 

7 


59 

0 

334 

19 



1 

25 

78 

2 

2 

40 

3 

82 

0 

502 

November 10 

7 


57 

1 

346 

25 



1 

02 

75 

E 

2 

EE 

3 

22 

0 

411 

November 17 

7 

Pneu 

54 


388 

30 



1 

16 

94 

6 

3 

27 

3 

74 

0 

452 

November 7 

8 

monla 

57 

5 

364 

21 

43 


1 

20 

150 

0 

2 

40 

3 

22 

0 

452 

No\'embcr 10 

8 


62 

5 

344 

24 

E3 



94 

150 

0 

2 

EE) 

4 

16 

0 

502 

No% ember 17 

8 


64 

3 

359 

26 

65 


1 

14 

150 

0 

3 

18 

4 

18 

0 

479 

October 17 

9 


58 

4 

353 

26 

56 


1 

20 

136 

0 

3 

36 

4 

52 

0 

476 

October 30 

0 


54 

1 

382 

17 

15 

1 58 

1 

20 

107 

0 

3 

72 

4 

04 

0 

452 

October 25 

10 


83 

4 

388 

24 

H 


1 

36 



2 

33 





No\xmber 17 

11 


57 

1 

365 


25 


1 

25 

88 

8 

3 

i 

3 

26 

0 

502 

November 17 

12 


58 

4 



06 


1 

07 

115 

3 

3 

4SI 

3 

42 

] 

565 


The chmeal data concermng the eight pneumoma cows are sum- 
marized m table 1 





















544 


BLOOD IN BRONCHO-PIIEtMONlA OF COWS 


A bactenological examination of the blood and urme of cow 5 was 
made by Dr F S Jones of this department The blood culture was 
negative He found in the urme albumm, leucocjdes, epithehal cells 
and bacdh in large numbers Cow 8 was slaughtered and autopsied 
by Dr Jones and the jumor author The autopsy showed pleuntis 
and diffuse chrome pneumoma The presence of Baalim bmscpttcus 
was estabhshed by direct culture of bits of lung tissue 

RESULTS 

The results are summanzed m table 2 

As can be seen from the table, cases 5, 6, 7, 8, and 9 show deviation 
from normal m the amount of chlorme, non-protem mtrogen, and 
pro tern fractions The globulm is high Cow 5 shows on October 31 
a high non-protem mtrogen and creatinme In cow 6 the cholesterol 
went up In cows 11 and 12 (mild cases) the globuhn was normal 
In pneumoma the fibrin also is usually increased 

DISCUSSION 

Chlorine Pneumoma m the cow is evidently assoaated with a drop 
m the plasma chlorme, as it is m human beings The nse in the plasma 
chlorme seems to be assoaated with the process of recovery In 
cow 8 there was no complete recovery and the chlonne remained below 
normal Cow 9 recovered completely and the chlonne reached a 
normal level also Cow 5 did not recover up to November 30 and her 
plasma chlorme was low Cow 6 recovered Her chlonne content 
was, on November 30, normal also The data reported by Winter- 
stem (7) for normal cattle serum are 369 8 mgm per cent 

Non-protem mtrogen This blood constituent is higher when the 
process m the lungs is not completely healed, and reaches a normal 
level durmg recovery The high non-protem mtrogen m cow 5 
(on October 31) is a symptom of a secondary mvolvement of the 
kidneys, as confirmed by the analj^is of the unne The high creat- 
inme content of the blood plasma of the same cow on October 31 is an 
additional diagnostic sign Wmterstem (7) reports for cattle 14 mgm 
per cent as normal figures for non-protem mtrogen of blood serum 
and 1 62 for creatmine Scheunert and Pelchrzim’s (6) figures are 
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23 8 to 39 4 mgm per cent for non-protem nitrogen and 1 5 to 1 8 mgm 
per cent for creatinine m normal cattle 

Plasma proteins The high globuhn is evident in the presented 
cases 5, 6, 7, 8, and 9 of pnevimoma cows It is not possible to say 
defimtely what caused this nse in the early stage of the disease — the 
process m the lungs or a certain stage of starvation due to diminshed 
appetite Keese (3) showed that in horses starvation of 16 to 45 hours 
causes a considerable nse in the globuhn fraction of the blood serum, 
the latter being sometimes 80 pier cent of the total protem content of 
the serum, while m normal horse serum the globuhn fraction is only 

50 per cent of the total serum proteins As our pneumoma cows 
showed a normal appetite dunng the time when the temperature went 
down. It IS evident that the high blood serum globuhn, found at this 
time, was due to pneumoma. 

A calculation of the relative proportions of globuhn nitrogen and 
albutnm mtrogen to the total mtrogen, performed by Howe (2), gives 
for virgin heifers 49 p>er cent of the total serum protem as globuhn and 

51 pier cent as albumm, for the pregnant heifers Howe’s figures are 51 
pier cent of total globuhn mtrogen and 49 pier cent of albumm mtrogen 
Our figures for serum globuhn are seen to nse much above our normal 
figures and also those of Howe 

SlTlIltARY AND CONCLUSIONS 

1 Pneumonia m the cow causes a drop m the blood plasma chlonne 
and a nse m the globulin and fibnn fractions High non protein 
mtrogen and creatimne is a sympton of secondary kidney mvolve- 
ment 

2 In pneumoma cows chemical anal>’sis of blood furnishes valuable 
data for diagnostic and prognostic purpioses 
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INTRODUCTION 

The literature on the chemistry of gastric secretion contains ex- 
tensive data concerning hydrochlonc aod vanations and numerous 
studies of the changes m concentration of chlonde but there are very 
few observations on the other electrolytes In the present investiga- 
tion fluctuations in the base, phosphate and chlonde were determined 
in human gastnc )uice It was expected that the data thus obtamed 
would give some mdication of the mechanism by which a strongly 
aad secretion is produced from sbghtly aliahne blood and possibl> 
some insight mto the pathology of gastnc secretion While this 
work was in progress the account of the beautiful and significant 
experiments of Gamble and Mdver (1) appeared showing the rela- 
tive changes of base and chloride m the secretion of the Pavlov pouches 
of dogs 

METHODS 

In im> study of the chemistry of gastnc contents spedal care most be taken 
that one Is dealing with actual secretion It is remartable that only In the past 
few years has much rational consideration been gi\ en to the mfluence which fac- 
tors inherent in methods may have on the results obtained from gastric nnalyais 
Gotham (2) appears to be chiefly responsible for calUng attenDon to these factors 
which arc rather obvious but had never been properly emphasized By far the 
most important factor is the influence of dilution which may be affected b> the 
test meal itself Gorham used 400 cc. of water to stimulate the secretion In 
the water he placed phenolsulphonephthalebi Assuming that no significant 
amounts of either water or phenolsulphonephthalem were absorbed by the 
stomach, he calculated the water in the secretion bj means of tbe percentage of 
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phenolsulphonephthalein which remained In the followmg studies this pro- 
cedure has been used as carefully as possible and the results of analysis have been 
corrected accordingly 

Subjects were studied in the morning while fastmg They uere mstructed to 
dnnk no water and to swallow no sahva until the exammation had been com- 
pleted The studies were usually made an hour or more after the usual break- 
fast tune At this late hour it was surprising how frequently considerable aad 
was found in the fastmg contents It seemed possible that we might be dealmg 
with a penodic secretion occumng at the usual tune for breakfast Though the 
procedure was most often carried out m the laboratones adjommg the wards, 
patients had seen others eatmg their breakfasts, and it is possible that the secretion 
was the result of psychic stimulation However this may be, numerous aad 
specimens were obtamed without correspondmg specimens free from acid and 
suitable for comparison After the stomach was emptied as completely as 
possible the subject was given 400 cc of water contauung 1 cc of phenolsulphone- 
phthalem solution usually employed for kidney function tests, about 10 cc of 
the mixture being withheld to use as a standard At a given mterval the stomach 
was agam completely emptied and the matenal mixed thoroughly In a few 
instances small specimens were obtained at given mtervalsby aspirating, mixing 
and retummg the seaetion several tunes before a fraction of the contents was 
preserved for analysis 

The aad and phenolsulphonephthalem determinations were made as soon as 
possible The determmation of phenolsulphonephthalem was not always satis- 
factory Alkaliaation was usuallv accompanied by a preapitate of protem which 
was removed by centnfuging Occasionally there resulted a slight cloudmess 
whici made comparison with the standard difilcult The possible error was 
estimated by addmg known amounts of phenolsulphonephthalem to gastric juice 
and followmg the same procedure Although errors as high as 15 per cent were 
sometimes obtamed the fact does not seem to detract from the general conclusions 
to be drawn Excess strong aad was determmed by titratmg with Toepfer’s 
reagent to pH 3 7 to 4 0 This will be referred to without further discussion as 
free hydrochloric aad By total aad is meant the amount of alkah which was 
required to produce the first famt color to phenolphthalem Chloride was deter- 
mined by the V'olhard-Harvey method Values for phosphate were obtamed by 
the method of Benedict and Theis (3) after removmg protem by tnchloracetic 
aad In some specimens it was impossible to determme phosphate because of 
the cloudmess which developed 

Total base was determmed by a modification of Fisk's unne method (4) 
Considerable difficulty was experienced in obtaining accurate results m the 
presence of phosphates by vanous adaptations to blood analysis which had been 
suggested By modifjTng the procedure by which sulphate was preapitatcd 
with benzidme and by titratmg directlj, total base could be determmed with an 
accurao, of 1 per cent m morgamc solutions contauung 150 mM of base and 10 
mill of phosphate The base m the form of sulfate and phosphate salts was 
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obtained In a manner essentially the same as that described by Stadie and Ross (5) 
The residue was dissolved in 10 cc, of water and any slight residue of sulphuric 
aad was titrated vdth 0 02 n NaOH After addmg 1 cc. n hjdrochlonc acid to 
the solution it was placed on the steam bath for 30 mmutes to convert meta 
phosphate to orthophosphate^ A dDute benzidine solution was then added very 
slowly, one drop at a time with vigorous Btlrrmg to prevent adsorption of benzidine 
phosphate by the precipitate The 15 per cent stock solution of benzidme 
hi^rochloric add was diluted one to four and 8 cc. were used m each determlna 
Uon After about 10 minutes the prcapltatc was filtered through a 53 cm ash- 
free filter and the beaker and filter washed with 95 per cent acetone, first with 
three 1 cc, portions and then with three 3 cc portions The filter was then 
returned to the same beaker, and 10 cc of water and a drop of 0 08 per cent 
phenol red added The contents were heated to boiling and while hot were 
titrated with 0 02 n NaOH to the first pink color which persisted with further 
boilmg A considerable error was noted which might be caused b> carbonate 
in the 0 02 n NaOH solution This solution should be prepared as free as possible 
from carbonate During each titration, before the endpoint is reached and while 
the mixture is sUU distinctly aad it should be boiled and vigorously stirred for 
about thirty seconds or more The base combmed with phosphate m deter 
minations upon accurately prepared morgamc solutions was constantly In the 
proportion of one mM of base for each mhl of phosphate To the beniidlne 
titration in the case of unknown solutions, an equivalent correction therefore was 
added In this series when phosphate was not determined an arbitrary value of 
6 mgm per 100 cc was taken in making this correction 

EXPERIMENTAL 

Numeroiis studies of the changes m concentration of chlonde in 
gastnc juice have indicated that the curve of chlonde secretion is 
similar to and only shghtly higher than the curve of hydrochlonc aad 
secretion Cunously many of these reports have not included the 
chlonde determinations on the fasting contents ^Vhen this has 
been included the concentration has been similar to that found an 
hour or so after the test meal It seems quite probable that the 
lower concentrations which were found early in the curve were due to 
dilution by the test meal Gorham, Stroud and Huffman (6) have 
made similar studies but corrected their data for dilution and find 
that the chlonde concentration remains about the same throughout 
The extent to which dilution may obscure the true electrolyse con- 
centration in the secretion is illustrated in the studies recorded m 
table 1 where the data both before and after correction are given 
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In the tables the concentration for all electrolytes except phosphate 
IS expressed as the eqmvalent of 0 1 n acid or base per 100 cc of 
secretion The notations in the columns headed "time” indicate 
first whether the secretion was collected from the fastmg stomach or 
after the test meal and secondly the interval between the test meal 
and the collection 

Some examples of charactenstic changes in the electrolytes of 
gastric jmce assoaated with the secretion of hydrochloric acid are 


TABLE 1 

Changes tn gastric secretion following test-meal showing especially the effects of dilution 
(Data are expressed as eqoivalent cc o{ 0 1 n acid or base per 100 cc ) 


Case 

number 

Tune 

Analysis of gastnc secretion as obtained 

Corrected for dilution Indicated 
by the phenolsulphoncphlhalcm 

Bose 

CWonde 

Free HQ 

Phenol 

sulphone 

phthalem 

Base 

Chloride 

Free HQ 



cc 

CC 

ec 

per cent 

CC 

CC 

cc 

12 

Fasting 

110 

99 

0 


■SI 

99 

0 


1 hour 

31 5 

51 

10 

49 

wm 

100 

38 

31 

Fasting 

118 

120 

0 


118 

120 

-0 


J hour 

1 

45 

54 

12 

56 

102 

122 

28 

22 

Fasting ^ 

97 

85 

0 


97 

85 1 

0 


1 hour 

43 s 

73 


25 

58 

98 1 

32 


hour 

50 

no 


3 

51 

114 

55 


2 hours 

72 

102 

20 

Trace 

72 

102 

20 

30 

Fastmg 

104 

138 

39 


104 

136 

39 


i hour 

55 

i 

135 

68 

15 

65 

159 

SO 

28 

Fasting 

113 

107 

0 


113 

107 

0 


} hour 

11 5 

24 8 

11 

80 

58 

124 

5 


collected in table 1 The data from the first two cases shows what 
has been found most frequently, bttle change in the chlonde con- 
centration after a considerable increase in aad They also show that 
the increase in acid has been accompanied by a correspondmg de- 
crease in base Less frequently a defimte increase in chloride has 
been noted as is mdicated by the next three examples But even 
here the decrease m base generally plays the more promment r61e 
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This IS m agreement with the work of Gamble and Mclver (1) on 
the secretion of Pavlov’s poucdies in dogs, m which it was found that 
dunng hydrochlonc aad secretion the cilonde level remamed rela- 
tively constant but the base fell m proportion to the mcrease m acid 
In table 2 are grouped thirteen studies where specimens contammg 
free hydrochlonc aad were obtained shortly after satisfactory spea- 
mens of fastmg gastnc contents, i e , fasting specimens which (hd not 

TABLE I 

Examplej of the usual chantts in laslrlc secntton assodatcd srtth hydnchlark acid pradiidtan 


(The data have been corrected for dJutlon ana are expressed as the equisaleat cc. 
of 0 1 N add or base per 100 cc.) 



FaiUqc 

Intcml 

Mlet tc«t meal 

Pbo*- 

phaifl 


akirlde 

Fret 

na 

Toult 

edd 

Pbo»- 

pheto 

Bue 


Free 

HQ 

TouJ 

tdd 


“• 

cc. 

cc. 

cc. 


Ai«/j 

et 

CC 

cc 

cc 

MX**. 

>*rcca/ 

1 

77 

94 

0 

15 

IQ 

1 

S3 

89 

il 

£0 

Bl 

4 

9S 

97 

0 

18 


1 


95 

11 

14 

4 3 

s 

116 

103 

0 

14 

4 8 

1 



II 

68 

6 8 

9 

KM 

94 

0 

15 


4 



il 

38 


12 

■11] 

99 

0 

31 


4 


101 

38 

94 


IS 

101 

82 

0 

4 

6 9 

1 

56 

100 

32 

51 

4 0 

15 

122 

102 

0 

3 

8 6 

14 

61 

in 

27 

41 

7 4 

17 

103 

96 

0 

15 


I 

71 

84 

10 

26 


22 

97 

85 

0 

19 


1 

58 

9S 

32 


6 7 

22 

97 

85 

0 

19 


14 

51 

114 

55 

69 

S 3 

33 

97 

85 

0 

19 


2 

72 

101 



3 6 

28 

113 


■1 

12 

m 

4 

58 

124 

BFI 

75 


31 

118 


n 


■ 

4 

IQ 

122 

m9m 



Aver 

nee 

KM 

96 

■ 

15 

6 2 

■ 


102 

31 

52 

5 5 


contam free aad The data here, and m the remammg tables, have 
been correded for the dilution The acrerage of this group probably 
illustrates more exactly the usual changes durmg hydrochlonc aad 
secretion We may consider the averages of the two groups as 
ordmary specimens of gastnc chyme the second contammg in 100 cc 
the eqmvalcnt of 31 cc of free hydrochloric aad Wth this mcrease 
in hydrochlonc acid the total chlondc increased only the eqmvalent 
of fi cc. but there was a deaded drop of 40 cc in the base 






























552 


ATECHANISII OP HYDROCHLORIC ACW SECRETION I 


It appears tliat, during hydrochlonde acid production by the 
stomach, chloride continues to be secreted at about the same con- 
centration as in the fasting state This is somewhat similar to the 
concentration of chloride in serum In other words chloride ions 
and water leave the blood at the same relative rate, maintaining 

TABLE 3 

Analysis of gastric chyme from cases with achlorhydria 


(Data are expressed as equivalent cc of 0 1 \ and or base per 100 cc ) 


Case number 

Time 

Base 

Chlondc 

Free HCI 


BB 



CC 

cc 

CC 

ec 

msm percent 

2 

Fasting 

92 

71 

0 

4 

9 5 

2 

J hour 

60 

45 

0 

5 

10 9 

3 

Fasting 

111 

78 

0 

11 

3 4 

3 

} hour 

91 

60 

0 

9 

11 6 

5 

Fasting 

83 

59 

0 

9 

8 7 

5 

} hour 

79 

51 

0 

15 

5 9 

14 

Fasting 

66 

65 

0 

0 

5 9 

14 

i hour 

76 

60 

0 

16 

9 9 

14 

1 hour 

65 

60 

0 

20 

7 2 

14 

1 hour 

105 

99 

0 

24 

9 8 

14 

IJ hours 

71 

75 

0 

26 

6 2 

19 

Fasting 

85 

58 

0 

0 


19 

i hour 

82 

54 

0 

0 

11 8 

19 

Fasting 

72 

68 

0 

12 

8 5 

19 

1 hour 

111 

81 

0 

0 

10 4 

19 

IJ hours 

87 

67 

0 

3 

9 7 

19 

FasUng 

73 

50 

0 

11 

9 5 

19 

2 hours 

73 

48 

0 

9 

8 7 

20 

Fasting 

65 

48 

0 

1 

4 1 

20 

1 hour 

92 

49 

0 

2 

7 6 

20 

li hours 

82 

46 

0 

3 

10 8 

25 

Fasting 

92 

74 

0 

0 

10 2 

25 

} hour 

107 

75 

0 

0 


Average 

84 

50 

0 

8 

8 7 


about the same relationship as in the serum, acid is freed by retention 
of base 

The extent of the vanations found in a larger number of specimens 
of gastnc jiuce are recorded in tables 3, 4, 5 and 6, specimens bemg 
grouped according to their acid content The first and second groups 
(tables 3 and 4) contained no free fij’^drochlonc acid Those in the 
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first group (table 3) were from cases which, as far as could be deter- 
mined, were examples of true achlorhydna All were cases of 
permaous anemia except two, one (case no 3) was considered a case 
of sprue, the other (case no 14) an instance of post-diphthentic neu- 
ntis, which later, after marked improvement agam showed abdity to 
secrete aad In table 3, the electrolytes showed a rather striking 
contrast to the specimens without free hydrochlonc aad of table 4 

TABLE < 

Analysis of ^aslrtc chyme iohich conUstned no free hs'drochlorlc acsd From cases sshich 
were known to hare the power to secrete acid 


(Data are expressed as equivalent cc, of 0 1 u add or base per 100 cc.) 


Cue rmtnber 

^ 

Time 

B4M 

CblorUe 

Free na 

Total idd 

Phuptote 



<t 


ft 

C( 

^ctnt 

17 

Fastirig 

98 


0 

8 

4 5 

17 

i hour 

128 


0 

23 

15 5 

17 

F&sUog 

95 

94 

0 

1 

5 5 

17 

1 hour 

93 

101 

0 

11 

8 2 

17 

Fas tine 

85 

109 

0 

25 

6 5 

17 

Fasting 

103 

96 

0 



12 

Fasting 

110 

99 

0 

30 


13 

Fasting 

130 


0 

18 

4 6 

15 

Fasting 

101 


0 

4 

6 9 

15 

Fasting 

122 


0 

3 

8 6 

IS 

2 hours 

126 

100 

0 

14 

8 7 

15 

Fasting 

123 

92 

0 

5 

8 1 

4 

Fasting 

95 

97 

0 

18 

5 3 

8 

Fasting 

116 

103 

0 

14 

4 8 



104 

94 

0 

15 




118 


0 

21 


mSm 


97 

85 

0 

19 

5 9 



113 

107 

0 

12 


mM 

hours 

93 

109 

0 

14 

13 7 

Average^ 

lOS 

101 

0 

14 

7 6 


which were obtained from other individuals who were known to have 
the power to secrete aad The chlonde was quite low and the base 
was also reduced The average of this group showed a greater excess 
of base over the chlonde than the next group (26 cc as compared with 
7 cc equivalent) In the next two groups, tables 5 and 6, the secre- 
tion contamed xunous amounts of free hj drochlonc aad In table 5 


wx jocliXAt or oJjocxii nrrxarnojiTiov tol. t *o 4 
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where the acid never exceeded 30 cc the average concentration of 
chloride showed httle vanation from the comparable material with- 
out free hydrochloric aad m table 4 , illustrating agam the decrease 
in base rather than an increase m chlonde when free hydrochlonc 
acid IS produced Specimens showing excessive free hydrochloric 

TABLE S 

Analysts of gaitric chyme containing moderate amounts of acid 


(Data are expressed as equivalent cc of 0 1 N aad or base per 100 cc ) 


Cose number 

Time 

Base 

Chlonde 

Fret HO 

Total add 

Phosphate 



cc 

■11 

CC 

cc 

mgm percent 

16 

Fasting 

84 


18 

30 

5 9 

17 

li hours 

82 


2 

8 

7 0 

17 

Fasting 

82 


5 

17 

6 4 

17 

2 hours 

81 

101 

6 

21 

6 7 

17 

1 hours 

71 

84 

10 

26 


18 

Fasting 

99 

104 

10 

15 

2 3 

21 

2 hours 

105 

121 

17 

30 


21 

Fasting 

87 

119 

17 

28 


22 

2 hours 

72 

101 

20 

40 

5 6 

23 

1 hour 

105 

128 

16 

34 

17 0 

23 

Fasting 

90 

96 

8 

11 

3 7 

27 

Fasting 

116 

128 

1 

18 

3 8 

1 

Fasting 

77 

94 

1 

15 

6 0 

1 

1 hour 

53 

89 

28 

50 

5 0 

4 

} hour 

70 

95 

10 

14 

4 3 

7 

1 hour 

89 

91 

2 



11 

Fasting 

69 

lOS 

15 

25 

6 0 

12 

Fasting 

78 

79 

10 

30 


14 

Fashng 

81 

90 

14 



14 

1 hour 

75 

106 

27 



15 

IJ hours 

61 

111 

27 

41 

7 4 

9 

i hour 

71 

85 

22 



31 

} hours 

102 

122 

22 



27 

Fasting 

80 

115 

26 


5 3 

Average 

79 

104 

14 

26 

5 7 


aad are collected in table 6, and exhibit a number of examples of 
higher chlonde concentration It appears that this group cannot 
very well be compared with that in table 4, since comparable speci- 
mens of gastnc juice free from aad were not obtamed in most cases 
The corresponding fasting secretion generally contained acid and high 
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chlonde In this group are sixteen examples of chloride concentra- 
tions higher than that ordinarily found m serum It is not likely 
that these findings can be explamed by errors m phenolsulphone- 
phthalem detenmnation and thus by excessive correction for ddution 
Chlonde concentrations as high as this have been obtamed in pure 
secretion after histamine stimulation The data indicate that the 

TABLE 6 

Analyns of pistrtc chyme conlatmng considcrahie acid 


(Data are expressed as equivalent cc. of 0 1 K add or base per 100 cc.) 


CuiDomber 

Time 


ChlofU* 

FrttHCl 






cc. 

cc 

CC 1 


a 

Ihour 

52 

97 

52 

63 ■ 

6 8 

10 

Fasting 

66 

97 

47 

63 



1 hour 

51 

103 

68 

so 


11 

1 hour 

57 

123 

50 

60 

4 6 

11 

Fasting 

51 

118 

71 

77 


11 

Fasting 

89 

128 

32 

42 


11 

2 houn 

91 

123 

33 

77 

3 5 

16 

U hours 

76 

125 

43 

55 

1 2 

16 

Fasting 

70 

101 

34 

38 

5 5 

16 

Ftsung 

85 

133 

31 

44 

4 6 

21 

i hour 

1 85 ' 

124 

41 

52 


21 

1 hour 

100 ' 

133 

42 

51 


21 

1^ hours 

97 

140 

39 

49 


22 

li hours 

51 

114 

55 

69 

5 3 

22 

1 hour 

58 

98 

32 

60 

6 7 

26 

Fasting 

90 

128 

51 

1 ^ 

1 ^ ^ 

2B 

i hour 

56 

124 

55 

75 


29 

1 hour 

67 

128 

68 

74 

1 2 0 

30 1 

} hour 

65 ' 

159 

80 

88 


30 1 

Fasting 

104 

136 

39 

54 

1 

12 1 

i hour 

62 ' 

101 

38 

93 


15 

1 hour 1 

56 

100 

32 

51 

4 8 

27 

} hour ' 

79 

103 

31 

43 

4 6 

Average, 

73 


46 

62 

4 5 


stomach can secrete chlonde ions at a somervhat higher concentration 
than m the serum The highest figures which have been obtamed 
approach the molar value of serum total base, or m other words, the 
level of the serum electrolytes The fact remains that the chlonde 
in gastnc secretion does not deviate far from the chlonde concentration 
of the serum 
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The phosphate fluctuations found in the gastric secretion are of 
considerable interest The average vanations in tables 3, 4, 5 and 
6 are as follows 


msm cj inoriamc 
P per 100 cc 


Achlorhydna speamens 8 7 

Other specimens without HCl 7 6 

With free HCl 1 to 30 cc 5 7 

With 31 to 80 cc of free HCl 4 5 


It IS apparent that the phosphate concentration is almost in- 
vanably greater m gastric secretion than in serum In some m- 


TABLE 7 

Data showing variahons tn phosphate grouped according to whether free hydrochloric acid 
was or was not produced as a result of stimulation 


HCl secrcUon with test meal 

Ko HCl secretion with test meal 

Fasting 

After stimulation 

Fasting 

After stimulation 

mjm per 100 cc 

mgm per 100 cc 

mjm per 100 cc 

mcm per 100 cc 

6 0 

5 0 

9 5 

10 9 

5 3 

4 3 

3 4 

11 6 

4 8 

6 8 

4 5 

IS S 

6 0 

4 6 

5 5 

8 2 

6 9 

4 8 

8 5 

10 4 

8 6 

7 4 

4 1 

7 6 

5 9 

3 7 



5 5 

1 2 



4 6 

4 1 



5 9 

6 7 



Average 6 0 

4 9 

5 9 

10 6 


stances it is quite high From 63 detenmnations there were nine in 
which the morgamc phosphorus concentration was greater than 10 
mgm per 100 cc It also seems evident that there is a decrease m 
phosphate with mcrease m acid One would suspect that salts with 
buffer values like the phosphates nught play a proimnent part m 
the mechamsm by which hydrochlonc aad is secreted by the stomach 
There is nothmg in this work, however, which would mdicate this 
In table 7 the data showing vanation m phosphate are placed in two 
groups according to whether free hydrochloric aad was or was not 
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produced as the result of stunulation If free hydrochloric aad was 
produced there was a decrease m phosphate, while if no free hydro- 
chloric aad was produced there was an increase Studies in this 
laboratory have shown that sahva contains considerably more phos- 
phate than blood serum, confinmng earlier reports m the literature 
Any dilution of gastnc juice with sahva wiU therefore result in a 
higher concentration of phosphate The subjects of these experi- 
ments showed admirable coBperation and, as far as one could detect, 
swallowed httle or no sahva just before or dimng the period of 
examination But this effect cannot be ruled out in any individual 
case and may possibly account for phosphate fluctuations in some 
instances If the secretion of the mucous glands of the stomach is 
sinular to sahva, the possibihty of an analogous effect by such secre- 
tion IS evident It seems probable that as a result of the secretion 
of the mucous glands, gastnc juice contains more phosphate than 
blood serum If hydrochlonc aad secretion contaimng less phosphate 
IS produced in larger amounts than the secretion of the mucous 
glands, a fall in phosphate will result due to dilution Or if a stimulus 
causes an mcreased activity of the mucous glands with httle or no 
hydrochlonc aad production the concentration of phosphate will 
maease 

The presence of the seaetion from mucous glands may also explain 
certain vanations in chlonde Saliva contains relatively small 
amounts of chlonde and any ddution of gastnc juice with sahva wiU 
result in a lou’er concentration of chlonde But with the care taken 
to exclude this factor it must have been relatively unimportant in 
these studies It seems reasonable to beheve that vanations in the 
relative amounts of mucous gland secretion m gastric chyme may 
have an important relationship to the low chlonde content which 
has been observed in the secretion from cases with achlorhydria and 
in those in which alterations m chlonde were assoaated with vanous 
degrees of aadity 


CONCLUSIONS 

Relatively httle change in the concentration of chlonde in human 
gastnc fluid attends aad secretion, but, dunng seaetion, the total 
base falls in proportion to the increase in aad It appears that 
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chloride ions and water leave the blood in the same relative con- 
centration as in serum, acid being hberated by a retention of base 
The concentration of phosphate in gastnc contents is generall}'’ 
much greater than m serum If stimulation does not result in 
hydrochloric acid secretion the concentration of phosphate as a rule 
mcreases If much acid is produced, however, the concentration 
falls The variation m phosphate may be attnbuted to fluctuations 
in the relative amounts of secretion from the mucous glands 
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PROTOCOLS 

Case 1 A man 35 years old with severe diabetes melhtus complicated by 
chrome diarrhea At the time of the gastnc analysis he was markedly emaaated 
and there were several extensive, mdolent but freely drammg subcutaneous 
abscesses over his back Pancreatic ferments were present m the duodenal fluid 
Diarrhea was eventually reheved only by hydrochlonc aad and atropine per os 
Case 2 A man 59 years old with pernicious anemia compheated by chronic 
ulcerative cohtis and bilateral cataract 
Case 3 A man 35 years old with diarrhea for four years There was a 
shght anemia and slight atrophy of the tongue but no neurological s>mptoms 
Case 4 A man 47 years old complainmg of constipation for fifteen years 
He had considerable epigastric distress after eatmg but rarely vomited No 
orgamc disease was demonstrated 

Case 5 A man 45 years old with pemiaous anemia For 6 years he had had 
frequent attacks of vormtmg 

Case 6 A man 74 } ears old who complamed of a dull pam m the right upper 
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quadrant He had vomited at infrequent Intervals There was a mass m the 
nght side of the abdomen which X ray showed to be extra^alimentary* This 
was considered a hypernephroma His condition was too poor to warrant an 
exploratory operation 

Case 7 A woman 46 years old complaming chiefly of pain in the epigastnum 
soon after eating and occasional vomiting She had had one gastnc hemorrhage 
The diagnosis of gastric ulcer was not confirmed by x ray 

Cfljc S A man 56 years old complaimng of abdominal distention and epigastric 
pains shortlj after meals On several occasions stools contamed blood Diagno 
SIS of gall bladder disease was made 

Core P A colored woman 28 years old with pain in the lower abdomen No 
diagnosis made other than chronic constipation 

Case 10 A man 20 years old with pain m the upper abdomen about one hour 
after eating and marked constipation No organic disease demonstrated 
Case 11 A man 23 years old presentmg neurological signs, a residual of 
epidemic encephalitis There were no gostromtestinnl symptoms 

Case 12 A white woman 44 years old, complaining of a mass in upper abdo 
men and crampUke pains after eating X ra> showed the mass was probably 
Uver Wosserman reaction + d- 4- + Her condition improved v. Ith anti luetic 
treatment 

Case 13 A woman 50 years old complaining of headache and pain m the 
upper abdomen No organic disease of the gastro Intestinal tract was made out 
Case 14 A boy 18 years old who had diphtheria 2 months before admission 
to the hospital Two weeks after the acute symptoms subsided he gradually 
developed paralysis of the lower extremities and occaslonallv had regurgitation of 
food and hquids through the nose There were no gastro-mtestinal symptoms 
At the tune of the first gastric analysis, sjTnptoms were marked Thev bad 
practically cleared at the time of the last examination 

Case 15 A man 41 > ears old who entered the hospital because of an irregular 
heart This >va8 found to be due to nuncular extrasj’stoles He had had more 
or less constipation for ^■ears but no other gastro-mtestinal symptomfl 

Case 16 A colored man 49 >ears old with pain in the abdomen unrelated to 
meals There was no nausea or vomiting No diagnosis was made other than 
chronic constipation 

Case 17 A man 30 years old complammg of weakness and epigastric distress 
after eating No orgamc disease demonstrated 

Case IS A women 22 j cars old with pam fn the epigastrium, usually after 
meals The pain radiated to the bade and was relieved by belching No 
diagnosis other than spastic constipation was made 

Case 19 A woman 48 years old with pcmiaous anemia complicated with 
pyonephrosis and hypotension Duration of s>TQptom5 about ten vears 
Case 21 A man 51 years old with hvpcrtrophic arthntis of the spine and 
syphilis No gastro-lntcstlnal avunploms 
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Case 22 A man 51 years old with chronic B coh pjehtis and without any 
gastromtestmal symptoms 

Case 23 A man 26 years old with extensive psonasis No gastro-mtestmal 
symptoms 

Case 24 A man 23 years old with chronic constipation for several years and 
epigastnc distress after meals No orgamc disease was demonstrated 

Case 25 A man 44 years old with typical permaous anemia 

Case 26 A man 44 years old with a multiphcity of complamts mcludmg 
general malaise, pam m the epigastrium and pam m jomts There v as a moderate 
degree of chrome constipation No orgamc disease demonstrated 

Case ZT A man 27 years old with central nervous system lues For about tv o 
years he had had bummg m the epigastrium one hour after meals X-ray of the 
gastro-mtestmal tract was negative 

Case 28 A man 54 years old with a diagnosis of syphilis of the cerebro-spmal 
memnges and bilateral glaucoma There were no gastro-mtestmal symptoms 
except chrome constipation 

Case 29 A man 33 years old with a t 3 ^ical history and x-ray findmgs of 
duodenal ulcer There had been no vomitmg 

Case 30 A man 27 years old complaimng of chrome constipation, loss of 
appetite, and weakness for about 8 months No organic disease was demon- 
strated 

Case 31 A man 62 years old with multiple diverticula of distal colon and 
caremoma of the colon He had had sjanptoms for 5 years consistmg chief!} 
of dull epigastric pam Rarely had he had nausea and vomitmg There was a 
historv of syphilis and the Wassermann reaction vas positive 



STUDIES OF THE CHEMICAL MECHANISM OF HYDRO- 
CHLORIC ACID SECRETION 

n Observations on the Blood Passing through the Stomach 
OF Dogs 

By H. A. BULGER, DITF ALLEN and LEE B HARRISON 
{From the Depcrtments 0 / Internal hledictne and Surgery, Warhington Vnttersily St Louie) 
(RcceI\Td for publfcabon February 28, 1928) 

The chemical mechanism by which the stomach secretes hydro- 
chlonc acid has been the subject of httle eitpenmental investigation 
Some doubtful hypotheses have been offered dealmg chiefly with the 
state of equihbnum m a mixture of vanous electrolytes and the im- 
permeabihty of tissues for some of the ions (1) Harvey and Beasley 
(2) suggested the formation of a chlonde of an organic base which 
could set free hydrochlonc aad after leaving the gland Most of 
the experimental work concerning the production of hydrochlonc 
aad relates to the histology of the gland dunng secretion, and consists 
essentially of elaboratmg the onginal work of Claude Bernard (3) 
Information beanng mdirectly on the problem is furnished by the 
studies of Gamble and Mclver (4) who investigated the chemical 
changes which occurred m the secretion of Pavlov pouches m dogs 
Similar studies on human gastnc juice were reported m the pre- 
ceding paper of this senes The observations indicated that dunng 
the production of aad the chlonde concentration in the chyme re- 
mains about the same as m serum while the base falls in proportion 
to the mcrease in aadity It appeared that water and chlonde 10 ns 
leave the blood m the same relative concentration as m serum and 
that h>drochlonc aad is hberated by a retention of base 
The followmg experiments were planned to demonstrate more 
directly the mechanism by which HCl is secreted Serum electro- 
lytes of the artenal blood and of the venous blood from the stomach 
i\ere deterrmned before and dunng gastnc secretion in dogs In all 
but one expenment anesthesia was produced by isoamylethyl bar- 
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bitunc acid intra-pentoneally in amounts of about 60 mgm for each 
kilogram of body weight Histamine was used subcutaneously to 
stimulate secretion In each expenment it was designed to collect 
venous blood draimng from the region of the cardia and lesser curva- 
ture where a maximum acid secretion would be expected Post- 
mortem examinations m each case showed this had been accomplished 
The followmg protocol of a typical experiment wiU indicate the 
procedure adopted in all observations 

Dog number 5 Fasting 24 hours Weight 22 kilograms 
12 45 p m 14 grams of isoamylethyl-barbutunc acid uas mjected mto the 
pentoneal cavity 

1 05 p m The dog was sleepmg quietly, only a httle mucus, neutral in reac- 
tion, was obtamed by aspiratmg through a stomach tube 

1 10 p m A median incision was made from the xiphoid to the lower half 
of the abdomen The spleen was dehvered, care being taken to avoid trauma to 
the stomach The splemc vem was then followed backward and upward towards 
its junction to the portal vein (fig 1) The coronary vein from the cardia of the 
stomach was identified as it emptied into the splemc vem Tuo ligatures were 
placed around the splenic vem, one distal and one proximal to that portion mto 
which the blood from the cardia was flowmg The needle of a 20 cc syrmge v as 
then carefully mserted mto the splenic vem between these ligatures and both 
ligatures dravm taut to prevent any uiflex of blood from the spleen or from the 
portal vem Thus only blood from the cardia was obtamed from the isolated 
segment of the splemc vem 

1 23 p m 30 cc of venous blood from the cardia was secured without ex- 
posure to air and transferred to centrifuge tubes under oil 

I 25 p m A specimen of arterial blood was drawn from the previous!) ex- 
posed femoral arterj^ and placed under oil 

1 30 p m By mistake another sample of arterial blood was obtamed Ven- 
ous blood from leg was mtended 

131pm 10 mgm of histamine was given subcutaneously 

1 40 p m 100 cc of water placed m stomach Reaction of stomach con- 
jtents was found to be neutral 

1 42 p m 2 mgm histamine was given subcutaneously 

1 50 p m 2 mgm histarmne was given subcutaneously 

- 1 55 p m 1 mgm histamine was given subcutaneous!)'' Stomach contents 
shghtly aad 

2 00 p m 1 mgm histamme was given subcutaneousl) 

2 05 p m 1 mgm histamme was given subcutaneously 

2 10pm 1 mgm histamme was given subcutaneousl) Reaction of stomach 
contents strongK acid 
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2 14 p m Sample of venous blood was obtamed from the cardia as described 
above 

2 16 p m Sample of artenal blood was obtamed from femoral arterj^ 

2 18 p m 1 mgm histamine was given subcutaneously 
2 24 p m 15 mgm histamme was given subcutaneously 
2 35 p m 15 mgm histamme was given subcutaneously 
2 37 p m 30 cc of venous blood was obtamed from cardia 
2 39 p m 30 cc of blood was obtamed from femoral artery 
2 44 p m 20 cc of blood was obtamed from femoral vem 
4 15 p m 30 cc of venous blood w'as obtamed from cardia 
4 17 p m 30 cc of blood was obtamed from femoral arterj'' 

The dog contmued to be m good condition The secretion was still aad, 
but obviously quite small m amount 

The animal was killed by opening the chest wall There was no food in the 
stomach The veins from which the venous blood of the stomach w as obtamed 
drained the lessure curvature and the cardia 

Blood was collected under oil m pyrex centrifuge tubes and defibnnated by 
stirrmg gently with a glass rod The tubes were carefully closed wuth rubber 
stoppers and centrifuged The serum was transferred to samphng bulbs without 
exposure to the air Carbon dioxide was determined by the method of Van 
Slyke and Stadie (5), chlonde by the method of Van Slyke (6) and phosphate by 
the method of Benedict and Theis (7) Serum protem concentration was calcu- 
lated from the total nitrogen determmed by the K.jeldahl method, after correc- 
tion for the non-protem nitrogen m the tnchloracetic aad filtrate Some details 
concenung the procedure used for determmmg the total base are included in the 
precedmg article (8) For the total base of serum, the protem free trichloracetic 
aad filtrate was used in amounts the eqmvaJent to 1 cc of serum for each 
determmation 

Data indicating the changes "which occurred in the serum electro- 
lytes during HCl secretion are presented m five tables each repre- 
senting an experiment on a smgle ammal and exhibiting the dif- 
ferences between artenal blood and the venous blood of the stomach 
Values of the anions are expressed in rmlhmoles of base combining 
capaaty, assuming a ratio of primary to secondary phosphate of one 
to four and calculatmg the base combined with protem by a formula 
deiTsed by Van Slyke, Wu and hlcLean (9) In the latter calculations 
and in correcting for the dissolved CO* a pH 7 35 was arbitranly 
assumed The term total acid is used to indicate the sum of all the 
determined aads The difference betwmen the determined acids and 
the total base is taken to represent the orgamc acid fraction though 
it contains a small amount of sulfate which was not estimated 
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If, as IS indicated by Gamble's etpenments and our studies on 
human subjects, chlonde ions leave the hlood m a concentration 
about the same as m serum, httle change in the concentration of 
chlonde m the serum from the secretmg stomach would be expected 
The tables show that this assumption is correct As serum passed 
from the artenal to the venous side of the stomach circulation, the 
chlonde changes were not stnkmg One hour after stimulating 
secretion m dog number 3, the chlonde concentration m the artenal 
and venous serum was the same This was also true m the expen- 

TASLE 1 

Data from dog number i, fasting 24 hours amytal anesthesia 
Fasting con tcnu ncutial Initial 4 mgm of hlstnminc subcntaneoualy followed in 10 
minutes by add secretion Five subsequent injections of histamine 1 mgm, each, at 
lO-mlnute intervals. The second set of blood samples taken one hour after the initial 
histamine Although slron^y add only about 40 cc oi secretion was obtained in 
one hour 
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ment on dog number 5 after 45 mmutes In mne observations the 
average fall m chlonde was only 1 9 niM an alteration which is com- 
parable to the changes m chlonde noted m the venous blood taken 
simultaneously from the leg A decrease m chlonde m the scrum is 
therefore not a prominent feature of hydrochlonc aad secretion 
Chermcal changes m the gastne juice indicated that as water and 
chlonde ions were secreted aad was produced by a retention of base 
In mne observations on the scrum from the secretmg stomach there 
was an average nse of 6 8 mhl in the total base of the serum In 
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the expenment on dog number 1 where the volume of secretion was 
rather small the least change was observed The maximum increase 
of 11 3 mM was observed in dog number 5 after two and a quarter 
hours at a time at which the rate of secretion did not appear to be 
great, but which followed a penod of rapid secretion It is interesting 
to compare these alterations with similar observations obtained 
while the stomach was at rest and m the fasting condition In every 
instance, with the exception of dog number 8, there was a shght 

TABLE 2 

Data from dog number 3, fasting 24 hours 

In this one expenment the ammal was rendered imconscious by a cnishing blow on 
the head under hght chloroform anesthesia, anesthesia then disconbnued and artifiaal 
respiration started A httle mucous in the stomach contained no free aad Imtial 
histamine 7 5 mgm subcutaneously Subsequent histamine 6 mgm in divided doses 
The first aad appeared in 20 nnnutes The first piaiT of blood specimens collected in 33 
minutes, the second in 52 mmutes There appeared to be more rapid secretion in this 
experiment than any other 
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decrease of base in the venous senun from the stomach The excep- 
tion observed in dog number 8 could probably be accounted for by 
the discovery postmortem of undigested meat m the stomach 
Changes such as those observed m the serum would, if not neutral- 
ized, yield an exceedingly alkahne blood Some factors must there- 
fore be operative to compensate for the increase in base and any 
shght faU in chlonde It is evident that an adjustment is partially 
effected by a gam in bicarbonate The magmtude of the increase 
in bicarbonate dunng the resting state is often surprisingly small 
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Dunng secretion it is more marked Nevertheless, it is obvious that 
the bicarbonate supphed fails to accommodate for the entire change 
The average mcrease in base is 6 8 mM , the average decrease m 
chlonde is 1 9 mM , making a total of 8 7 mM which must be neu- 
tralized The average increase m bicarbonate is only 3 4 mM 
Orgamc aads appear to play an equally promment part The 
relative importance of the two vanes considerabh in the different 
experiments In some of the observations an mcrease m the orgamc 
aad fraction was the chief factor This was especially true with dog 
number 5 in which after two and a quarter hours the change in 

TABLE 1 

Data from doi ntimbcr 5 


See sample protocol In text 
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bicarbonate was relatively ummportant with a striking increase m 
base The data in this particular instance mdicate a very marked 
increase in orgamc aad 

The last three tables include data contrastmg satisfactorily the 
changes observed m the leg with those of the secreting stomach A 
simple comparison is made in the expenment on dog number 7 
(table 4), where it so happened that durmg secretion the alterations 
m bicarbonate and chlonde m the venous serum from both the 
stomach and leg were the same But the serum from the leg showed 
only a slight inaease in total base and Lttle indication of an increase 
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in organic acids At the same time there was a marked nse m the 
total base of serum from blood flowing through the stomach, the 
excess presumably neutralized by orgamc acids Essentially the 
same features were presented m the similar observations recorded 
in tables 3 and 5 

The changes in the concentration of protem durmg the secretion 
were not marked Dog number 3 illustrates the type of variation 
one would expect, an mcrease with secretion But it was surpnsing 
that in other cases the protein was unaltered or even decreased No 

TABLE 4 

Dala from dog number 7, fasting 24 hours, amytal anesthesia 
Fasting contents neutral Initial histamine 8 mgm subcutaneously Subsequent 
histamine 8 mgm dunng the next hour in divided doses The stomach contents re- 
mamed neutral for 40 imnutes, and then gradually became strongly aad The second 
sample of blood from the stomach 78 nunutes after the imbal histanune, the arterial 
and venous from the leg dunng the next ten nunutes 
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clear explanation of this can be offered In expenments on dog 
number 5,[’poor checks were obtamed in tnpheate determinations, 
averages were recorded and the results may be erroneous The 
protem in the secretion would have httle influence In these expen- 
ments some water was always left m the stomach Significant 
amounts of flmd may have been absorbed, but even this will not 
explam the dissociation of the base and the protein vanations 
In the expenments on human subjects it was shown that the con- 
centration of phosphate m gastnc juice is greater than in serum 
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Therefore one might have antiapated a decrease m the serum phos- 
phate as the blood flowed through the secreting stomach But there 
was httle change In fact, the experiments mdicate that there may 
be a shght mcrease An increase m phosphate m both the secretion 
and serum suggests that a hberation of phosphate may be assoaated 
with glandular activity When the experiments were being planned, 
it seemed possible that the phosphate ions would be intimately related 
to the process by which a very aad secretion is formed from shghtly 
alkahne blood, but the magmtude of the phosphate changes which 

TABLE 5 

Dalafrom dog numUr 8, under amyial anesUtuia and supposedly fasting 24 kourSf a liUle 
mucus from the stomach sioteed no free acid 

Initial hlrtamlne 7^ mgnx. gubcuupeoudy Sabscqnent hiiUminea 9 mgm., 1 mgm 
tvtry 5 mlnntefl. Add firat noted 30 minutes after initial histamine The first blood 
from the stomach obtained after AS minutes, the second after 90 minutes. A bttlo 
undigested meat vms found In the stomach postmortem. 
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are recorded here certainly do not mdicate any important relation- 
tionship 

No mechanism is suggested whereby the weak aads, carbonic and 
possibly lactic, usual products of cell activity could replace the 
strong hydrochlonc and In this connection the suggestion of Harvey 
and Bensley (2) is interestmg They noted the accumulation of 
secretion m the lumen of the gland m the rabbit’s stomach Micro- 
chemical reactions showed this secretion was not and until it mixed 
rather slowly with surroundmg salt solution To them it seemed 
“probable that the chlonne is secreted by the panetal cells m the 
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form of a chloride of an orgamc base and that hydrochloric acid is 
only set free after the secretion is poured out of the gland into the 
foveola ” Later, Roseman (10) concluded from his experiments that 
there were two steps in the secretion of gastric acid, chloride accumula- 
tion and the sphttmg off of acid Hanke (11) has presented evi- 
dence of the presence m gastric and other tissues of a specific enzyme 
hydrolyzmg orgamc chloride esters 

The results of the present experiments are not m conflict with this 
concept Secretion thus hberated into the lumen of the glands 
would be in contact with a relatively large surface Osmotic equilib- 
num with the blood could quickly be established and a secretion could 
eventually be obtamed which might have chermcal charactenstics 
noted in the first paper of this senes Under these circumstances a 
marked change in the total base of serum nught occur foUowmg the 
formation of such a hydrochlonc acid precursor This is suggested 
in the experiment on dog number 5 when after two and a quarter 
hours the secretion of hydrochlonc acid had greatly diimmshed or 
possibly stopped At this time the serum from the stomach pre- 
sented the most marked changes observed in any of the experiments 
Such a process could explain the dissociation of the base and the 
protem variations in the serum 

CONCLUSIONS 

1 As blood flows through the secretmg portion of a dog’s stomach 
the alterations in the concentration of serum electrolytes indicate the 
chenucal mechanism by which a strongly acid secretion is produced 

2 There is in the serum an mcrease m the total base with httle 
change in the concentration of chloride 

3 It appears that chlonde ions leave the blood with a proportional 
amount of water and a strongly acid secretion is produced by a 
retention of base This relative mcrease m base is neutralized and 
equihbnum in the serum maintamed by an increase m the bicar- 
bonate and orgamc salts 
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THE EFFECT OF POSTURE UPON THE COMPOSITION AND 
VOLUME OF THE BLOOD IN MAN' 


By WILLARD OTON THOMPSON’ PHEBE K THOMPSON,’ and MARY 
ELTZABETH D\ILEY 

{From the Metobotirm and A eureJogteal Laboratories of the ilassachusctts General Hospital) 
(Received for publication January 18 1928) 

INTRODDCnON 

About one year ago, Lmdhard (2) reported a few observations on 
the distnbution m the blood stream of vital red mjected mtravenously 
He found that m man, m the sitting position, after a mixing tune of 
5 imnutes, blood from the saphenous vem contamed dye m a concen- 
tration one-haU of that m blood taken from the cubital vem If, 
however, the man walked between the tune of dj-e injection and the 
time of blood collection, the concentration of dye m blood from the 
two veins was the same He concluded that, in order to get accurate 
observations of plasma volume, the subject should walk between the 
tune of dye mjection and blood collection Numerous observations of 
plasma volume had previously been made by one of us (3) (42) by means 
of the so-called dje method, in which a similar dye, bnlhant wtal red, 
was used These had already led to the conclusion that, when obser- 
vations are made exclusively upon blood from an arm vem m a normal 
man m the horizontal position after a rest penod of at least 30 nunutes, 
similar results are always obtamed The contrast between Lmdhard’s 
observations and our own made it apjxiar desirable to detemune con- 
clusively the effect of posture on plasma volume determinations bj 
the dye method 

Early in our work, we observed that in an mdividual m the standing 
stiU position, the volume of cells per hter of blood, the red count and 

* A bnef account ot tins work has alreadj been published (1) 

’ Fellow of the National Research Council Research Fellow in Aledidne, 
Harvard Aledical School and Massachusetts General Hospital 

’ Research Fellow in Aledldne, Alossachusetts General HospItaL 
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EFFECT OF FOSTOKB ON THE BLOOD 


the concentration of dye in arm venous blood were greater than in the 
recumbent position It, therefore, appeared highly probable that 
standing stiU produced a diminution in the total amount of plasma 
The study of the effect of posture on the composition of the blood thus 
became a second important part of our investigation 

Bohme, m 1911 (4), made several observations, at short intervals, 
of the refractive index of the serum of ear blood m a man lying down 
just after walkmg about He foimd that it steadily decreased for 
about 30 minutes, when a resting level was reached The change 
often corresponded to a vanation in serum protein of more than 12 
per cent This change was also observed m several individuals when 
they lay down at the end of a day’s work He also found that the 
protein concentration was about 5 to 6 per cent greater when the sub- 
jects were m the sitting position than when they were lying down 

Cipnani and Moracchmi (5) have recently reported deterrmnations 
of the serum protein on cardiac and nephntic patients of vanous types 
by the refractometnc method Blood for the determinations was 
withdrawn in the mormng both before and 4 hours after ansing The 
patients received no food or water imtil after the completion of the 
expenments In 9 out of 11, an increase m serum protein of 7 to 15 
per cent was observed Two normal persons showed no change under 
the same conditions During a control period of 4 hours in bed, no 
change m the value of serum protem was observed in either the normal 
or the pathological cases 

We have not found any observations on the effect of standing still 
on the composition of the blood It was, however, known to us from 
the work of Field and Bock (6) that, in this position, marked changes 
in the circulation may occur 


METHODS 

The subjects took no food or liquid after 6 p m the day before the expienraent 
All expenments ivere preceded b> a period of at least 30 minutes in the horizontal 
position When taking the standing still position, the subjects is ere asked to 
stand with the feet about six mches apart and to remain as motionJess as possible 
In spite of good mtentions, the\ could not avoid slight movements 

Plasma \olumes vere determmed by the dje method of Keith, Rowntree and 
GeraghU (7) except that brilliant vital red (1 5 per cent solution) uas used m- 
stead of vital red, and 1 6 per cent sodium oxalate (2 cc to about 10 cc of blood) 
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^\-aa used instead of powdered sodium oxalate as an anbcoagulant Unless other- 
wise stated In the tables, the d>e was invanablj Injected into an arm vem (usually 
the right cubital) 

The same sample of blood, collected m calibrated 15 cc centrifuge tube3,and 
spun at 2500 revolutions per minute for at least 45 mmutes, served for the estima 
tion of relative cell and plasma volume and also for total plasma volume Red 
counts were also made on this sample of blood 

For all other determinations, coagulation was prevented bv the nse of powdered 
potassium oxalate — about 20 mgm to 10 cc. of blood 

Total nitrogen was determmed bv the Dver modification (8) of the piaao- 
Kjehldahl method using 2 cc of plasma The non protein mtrogen was deter 
mmed b\ the Fohn W'u method (9) 

Total plasma proteiif was estimated by subtractmg the non protein nitrogen 
from the total mtrogen and multipljung the difference bj 6 25 
Plasma u ater was determined b> drymg a knonm amount of plasma to a con 
atant weight m an electnc oven at a temperature of 110°C 

Specific gravities were done for us b> Miss Doroth> Sloane m the surgical 
research laboratory, using the method of Barbour and Hamilton (10) 

Total CO* determinations were made for us m Dr \rhe V Bock’s laboratory 
using Van Slvke a method (11) 

Chlondes were determined bv Von Slske’s method (12) 

All of these deternimations were made on samples of blood drawn from a 
cubital vem with the arm held at the side Additional measurements of total 
plasma volume, red count and cell volume were also frequently made on blood 
drawn from a foot vem For all detenmnations other than red count, cell 
volume and total plasma volume, the blood was collected under oil before mject 
Ing the djm. 


THE StTBJECTS STUDIED 

Cases 2, 7 and 8 were normal individuals 

Cases 1, 3, 4 and S were cured cases of exophthalmic goitre Case 
1 had shght pitting edema of the ankles This was probably cardiac 
in ongm but there were no other cardiac sjTnptonls 

Case 6 was a case of myxedema whose metabolism was held at a 
normal level for 16 months previous to and also dunng the expen- 
mental penod 

Case 9 had untreated myxedema 

EXPERIMENTAL RESULTS 

In table 1 the average vmlues and in tables 2 to 4 the detailed 
figures are gix en for the nine individuals studied m the horizontal and 
in the standing still positions 
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It may be seen that, during the penod of standing still, after a rest 
in the recumbent position, there are the following changes m the 
blood 

1 An increase in the number of red cells per cubic millimeter of blood 

(column I) 

2 A corresponding mcrease m the volume of cells per hter of blood (column 

n) 

3 An mcrease m the specific gravity of plasma (column VI) 

4 An mcrease m the concentration of plasma protem (column IV) 



MINUTES 


Fig 1 Variations in the Concentration of Puisma Protein and Plasma 
Water Accompanying Change from the Recumbent to the Standing 
Still Position Followed by the Reverse Change (Case 7 , Table 4) 

White areas denote the recumbent position, and black areas, the standmg still 
position 

5 A decrease m the concentration of plasma water (column V) 

6 A decrease m the total amoimt of plasma m the blood of the whole body 

(column in) 

Upon resuming the recumbent position the changes are reversed 
(table 4) Data on a typical case are plotted m figure 1 
From these observations, it seems safe to draw the conclusion that, 
w hole standmg stdl, the blood temporarily loses a much greater volume 
of fluid than it gams 




AuraieJi[UTes tiwing tic tffeei of posiurt upon tic composUton and vdunc of tie Hood {aU 9 xubjeds) 
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• In coses 1 to 6, all plasma volumes, and In cases 4b and 9, those for the horirontal position, were dctcnnined by the dye method 
In cases 7, 8, 4b and 9, the plasma vblume for the standing stfll position was calculated from the change in protem concentration. In 
cases 7 and 8, It was aibltrarily assumed to be 40 cc. per kilogmm for the recumbent position 
t Case numbers 4a and 4b refer to two distinct sets of expenments on the same subyxt. 
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March 31, 1927 12 20 p m 12 33 p m 12 45 p m 48 5 49 3 119 6 126 0 2,555 2,425 

105 pm 5 3 50 4 50 8 50 8120 5 122 5 122 7 2,535 2,495 2,490 

Apnl 21, 1927 12 55 pm 102 pm 111 pm 48 3 50 2 119 6 119 32,555 2,560 

1 24 pjn 5 4 49 7 49 0 51 2 118 7 118 1 125 3 2,575 2,585 2,435 

144 pm 50 1 50 1 51 7 118 1 116 2 122 7 2,585 2,625 2,490 
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Inicrrclatwn of the various mamfcstalions of the plasma volume reduction 
Assuming that the flilid lost from plasma in a subject m the standing 
still position is protein free, the changes in red count, plasma protein 
and plasma water calculated from the changes in total plasma volume 
correspond well with the actual observations (table 5) Moreover, 
the total cell volume for each subject, calculated from the total plasma 



CASE NO 

Fio 2 The Constancy or the Total Cell Voluhe dj the Recuiibent and 
Standing Still Positions (Table 6) 

Cross-hatched areas denote total cell volume, and white areas, total plasma 
volume. “L” denotes the recumbent and "S” the standing stiU position 

volume and the cell percentage, is the same m both the recumbent 
and standing stiU positions (table 6, figure 2) 

The reaprocal relation between the protem and water changes is 
shown m figure 3 

These facts are consistent with the hypothesis that there has been, 
on the average, a net loss of 110 cc of a protein free fluid per htcr of 
plasma, or a total loss of 290 cc , (table 1, column HI), and no other 
change 
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4 5 4 4 4 8 43 5 43 8 45 5 112 2 113 3 1 905 1 890 



































TABLE 3— Continued 
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' It IS of interest that L J Henderson (13) has recently calculated 
that the concentration changes m exercise reported by Bock et al (14) 
could be accounted for by the removal from blood of 50 cc per hter of 
a flmd of the composition of lymph (protem free) and the addition to. 
It of 25 cc of cells per hter A loss of 50 cc of flmd per hter of blood 
IS roughly equal to a loss of 90 to 100 cc per liter of plasma Thus it 
ivould appear that the blood loses approximately the same amount 
and__type of fluid when a subject exerases as when he stands still 



Fig 3 Inckease in Plasma Protein Concentsahon and Decrease in 

Plasma Water Concentration Accompantino Ciiange teou the Re 
cmiBENT to the Standing Still Position (Table 1) 

The rale at which the loss of plasma water occurs 

The data on cases 1, 4b, and 9 indicate that the concentration 
changes reach a maximum after standing still 20 to 30 minutes The 
data on'ease 1 are espeaally interesting in this respect Numerous 
observations on this case dunng a penod of 3 months yield umform 
measurements of cell volume in both arm and foot venous blood m the 
horizontal position On the same individual manj other observ ations 

mt jotnuTAt. or cubical ixrcmoAnnx rou r xo i 
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TABLE 4 

ObscTTaltous ait the same day on the same individual, first lying down, then standing still and then lying down again (eases 7, S, db and 9) 
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were made at different tunes after standing still These are plotted 
m figure 4 Several measurements of cell volume have also been made 
on this subject on the same day at different intervals after assuming 
the standing still position These are plotted in figure 5 It will 
be observed that, on standing still, there is a rapid mcrease durmg 
about 20 rmmites, after which the rate of increase dimimshes up to 
about 30 minutes, when a level is reached This curve is of the type 
to be expected and, except that the mcrease occurs much more slowly. 


TABLE s 

Comparison oj the values observed for the red count, plasma protein and plasma water with 
those calculated from the changes tn total plasma volume 
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is Similar to that reported by Bohme (4) for the increase in protein 
concentration durmg exercise 

There are insuffiaent data to determine when dilution of the blood 
becomes complete on revertmg from the standing still to the horizontal 
position In case 7 the plasma water had not reached its prestanding 
level withm 9 mmutes In cases 8 and 4b, the plasma water had 
increased as much at the end of 25 to 30 mmutes as at the end of an 
houTi In case 9, however, the process appeared to be still incomplete 
at the end of 30 mmutes but had reached or passed the prestandmg 
level at the end of an hour Since this subject had untreated myxe- 
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dcraa, the data suggest that this slow dilution may have been dUe to 
a diminished rate of absorption of water from tissues, In such 
cases, blood flow is known to be slow (IS) 

Dijfercnces between the relative cell volume of arm and foot venous blood 
in the standing still position 

A review of the data shows that m nearly every instance where 
samples of blood were simultaneously taken from both arms and a 



Fio 4 The Rate at Which the Reiattix Cell Volume Increases on 
Changing eeom the Recuhbent to the Standino Still Position (Case 1 , 
Tabu 2) 

Three objervations arc included that are not recorded in the table. A\ erage 
of observations on arm venous blood represented by dots Obserratlons on foot 
venous blood represented by arcles 

foot when the subject was standing still, the relative cell volume was 
the same in the venous blood of the two arms, but greater in the ven- 
ous blood of the foot (table 7) In the horizontal posture, however, 
the Tolumes were the same in all three places 
Such vanations may be due to 

1 Greater filtering ofl of fluid from the foot capiliaries than from the 
capillnrles of the hands and arms 


590 


EPFECI OP POSTURE ON THE BLOOD 


2 A sedimentation of red blood celk in the blood vessels of the foot due to 

marked sloivmg of the circulation 

3 In part to greater CO 2 content of foot venous blood than of arm venous 

blood resultmg m swelhng of the red blood corpuscles m the former 

The differences m CO 2 content are certainly not great enough to 
produce the differences in ceU volume observed Therefore, the first 
two possibffities seem to be the most likely ones, and, of these, the 
first seems to be more probable than the second, although a combma- 
tion of all three factors may be at work 



Fig 5 The Rate at Which the Relative Cell Volume Increases on 

Changing from the Recumbent to the Standing Still Position (Arji 

Venous Blood Only) 

All observations recorded were made on case 1 on the same dav, m contrast to 
those m figure 4 which v ere made on different davs over a period of months Note 
that the rate at which the change occurs is about the same m both figures 

Along with the greater venous pressure m the foot m the standing 
stdl position (16) (17) (18), an actual mcrease in the filtering off of 
water from plasma m foot capillaries as compared with that in arm 
capiUanes would be expected 

Effect of posture on the mixing of the dye 

The more dilute the dye in any given sample of blood, the greater 
the plasma volume calculated therefrom For the sake of convenience 
in mterprcting the data, we have expressed the plasma wlumes not 
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only in cubic centimeters but also m percentages of dye concentration, ' 
arbitrarily taking the dye concentration corresponding to the average 
plasma volume for each subject m the horizontal position as a stand- 
ard of comparison (100 per cent) Thus, for example, if (case 1) the 
average total plasma volume of 3055 cc , for the horizontal position. 


TABLE 6 

Tki lotal ceil volume rtmaius constant v^tcn the subject changes from the rtcumhent to the 
standing still position 
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TABLE 7 

The e^ect of posture upon the v<dHme of cells tn blood simultaneously wtbdraxnt from right 
arm left arm and fool veins 


Cc o{ ceBs per 100 cc of rcoou blood 
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be assumed to correspond to 100 per cent dje concentration, then 
obviously a plasma volume of 2580 cc (the at^erage volume for 
the standing still position) corresponds to a d>e concentration of 


/ 100 X3055 \ 
V 2580 / 


per cent 


118 3 per cent 





























592 
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The dye mixing data on cases 1, 3 and 5 (particularly case 1) show 
two significant things 

1 A much longer tune is required for the dye concentration in the 
blood to become umform all over the body in the standmg stiU posi- 
tion than in the recumbent position ^ 

2 When the concentration has become uniform, it is greater in the 
standmg still position than m the recumbent position 

Most of the delay in mixing in the standing stiU position appears to 
be due to a marked slowmg of the circulation m the lower extremities 
It may be seen from the data on cases 1 and 3 (table 2, eg, 
experiment of June 9, 1927 on case 1) that, after a mixing tune of 
5 to 6 mmutes, the dye concentration was the same m the venous 
blood of the right arm, of the left arm and of a foot when the subject 
was in the recumbent position Complete mixmg of the dye with 
the blood may, therefore, be fairly assumed at this tune ® In 
the standmg still position, however, a different situation exists 
As cases 1, 3 and 5 show (particularly case 1, table 2, e g , expen- 
ment of July 14, 1927) 5 ^ to 8 mmutes after injection, the dye 
concentration in foot venous blood was invanably less than in arm 
venous blood although the concentration m both arms was the same 
After a tune, which m case 1 varied from 9 to 14 ^ mmutes, the dye 
concentration m the foot slowly mcreased until it became the same 
as m the arms or even shghtly greater ° Cunously enough, however, 
the concentration m the arms, in the meantime, did not decrease or 
decreased only shghtly This observation has since been corroborated 

* It has also been shown that a much longer time elapses in the 'standing 
still than in the recumbent position, before dj'e mjected mto an arm vem appears 
in a foot vein and vice versa (19) 

It should be emphasized that 5-6 mmutes does not necessarily represent the 
minimum time required for mixing to become complete when the subject is m 
the horizontal position 

®Thus, m case 1, it took at least 2-3 times longer in the standmg stiU than 
m the recumbent position for the dye concentration m the feet to become as 
great as that m the arms Judging from the average figures of Turner (20) 
and of Field and Bock (6), the cardiac output m this case was probabh reduced 
20-50 per cent Thus the sloumg of the circulation m the lower extremities m 
the standing still position is probablj not exclusixelv due to the reduced output 
of the heart 
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by several observations on another subject It appears to represent 
a delimte phenomenon the explanation of which is at present obscure. 

The greater dye concentration m the standing stiU position after 
complete nuxing is illustrated by numerous experiments on different 
days on case 1 (tables 2 and 8) and a smaller number on case 3 The 
experiment m which samples were taken on subject 1 m the recumbent 
and then m the standing stdl position on the same day, after a smgle 
dye mjection, is further proof of the same phenomenon On April 11, 
1927, after the subject had remained two hours in the recumbent 
position, dye was mjected m a right arm vem ns usual and 8 minutes 
thereafter, venous blood samples taken simultaneously from nght 
arm, left arm and left foot In all three samples, the dye concentra- 
tion was the same The man then began standing stiff Twenty-two 


TABLE « 

Eftxi of poitun upon Ike conuntralton of intravenously injeeied hrilltant vtlal red (cast J) 


FoihkDofbody 

Avertfe coDcmtntloB of djt to pUmu titer 
ccinp)cteDixlD( 

RJtht inn 
Ttxxmt blood 

Left tm, 

VtnOttt blOM 

Foot, 

veDOQS biood 

Lybg down 

101 

100 

100 

Standing GtHl 

119 

117 

120 


minutes later blood samples were taken from the same three veins 
In all three, the dye concentration was approximately the same, but 
was defimtely greater (9 to 18 pier cent) than m the same veins when 
the subject i\as lymg down Assoaated with the mcrease m dye 
concentration, was an mcrease m relative cell volume This mcrease 
m dj e concentration could not have occurred unless some fluid had 
disappeared from plasma 

Another observation northy of note is that after complete mixing in 
the standing still position, the dye concentration m foot venous blood 
often appears to be shghtly greater than m arm venous blood, whereas 
it IS the same m all three places m the horizontal position This is 
shown by the experiments of April 11, April 21, June 7 and of July 
14 on case 1 The differences are not great and are within the error 
of the method They arc suggestive, however, and consistent with 













594 


EFFECT OF POSXUEE ON THE BLOOD 


the h}TX»thesis of a shghtly greater filtering off of plasma water from 
the capillaries of the foot than from those of the arm 

If the subject walked durmg the time that elapsed between the 
moment of dye injection and that of collection of blood for the plasma 
volume observation, the concentration of dye m arm venous blood 
was the same as it was when the subject was m the recumbent posi- 
tion, provided the mjection of the dye had been immediately preceded 
by a rest penod in this position (See experiment of October 31, 
1926 on case 2, and of January 3, 1927 on case 3 ) There is some 
reason to suppose, however, that, after a longer penod of walking 
about, there may be a loss of water from the plasma (4) Therefore, 
since in the recumbent position, the circulation is least affected by 
gravity and the dye readily becomes uniformly distributed throughout 
the plasma, this position would appear to be the one of choice for blood 
volume and other comparative blood studies 

In all plasma volume obsersmtions, the rate at which dye disappears 
from the circulation is very important It rmght be supposed that, 
after mixing had become complete while the subject was m the stand- 
ing still position, the amount of dye left m plasma would be appreci- 
ably less than that injected For this reason it might appear that the 
observed plasma volume, while less than that for the horizontal posi- 
tion, would be higher than it really was One of us (3) has noted, 
however, that after repeated plasma volume observations, withm a 
short period of tune on the same individual, the rate at which the dye 
leaves the circulation decreases markedly, contrary to Lindhard’s 
observation Thus, after an hour under these conditions, the dye may 
be just as concentrated as after 5 mmutes and 1 week or 10 days after 
the last of a series of 3 or 4 plasma volume observations done within 1 
or 2 days of one another, the plasma may still be well tmged with dye 
(not suffiaently, however, to cause an appreciable error in the method) 
Illustrations of the slow disappearance of dye from plasma following 
repeated dye mjections, may be seen in the data of March 31, April 21, 
June 7 and June 16 on case 1 

Followmg a single dye injection, or a month or longer after repeated 
injections, however, the dye leaves the circulation at a more rapid 
rate so that dj e disappearance may mask the volume reduction w'hich 
occurs in the standmg still position This was probably the case m the 
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lying-folIowed by-standing expcmnent of April 7, 1927 on case 3 
This was similar to the experiment of April 11,1927 on case 1 described 
above One month had elapsed, however, since any observations 
had been made on the subject Thus, while the cell volume rose when 
the Etandmg still posibon was assumed, after complete dye mmng 
had occurred m the recumbent position, the dye concentration re- 
mamed about the same or mcreased only shghtly 

Total COi 

Total COi determmations were made on plasma and whole blood 
m a few cases They showed no significant vanations— except m 
case 5 on November 20, 1926 when, just precedmg an attack of syn- 
cope m the standing still position, there was a well marked rise m COj 
with a proportional drop in chlonde 

Cblondes 

The chlondes a ere uregular, no significant change bemg recorded 
except the one just noted 


DISCUSSION 

In an effort to elaborate their significance, our findmgs are corre- 
lated with some of those m the hterature which have a beanng on 
this subject 

Evidence to show that in the standing still position blood collects in 
dependent portions of the body 

Piorry (21) m 1826 was one of the first to comment on the marked 
impediment to the circulation m the erect posture He attributed 
this to the influence of gmvity and stated that it is due to this cause 
that the veins and capillanes of the hands become filled if the arms are 
held down Tor the same reason vanccs and vancoceles enlarge when 
a person stands, and diminish when he hes down, and the head and 
face become red when held down He opposed Bichat’s teachmg that 
m syncope the heart’s activity is suspended, claunmg that the heart 
continues to beat but that the beats have not force enough to over- 
come the effect of gravity ‘Tt is not marvelous It is simple 



596 


EITECT OF POSTITRE ON THE BLOOD 


There is no doubt that it is the absence or presence of blood in the 
vessels of the bram that causes or dispels sjnicope ” Piorr)’- corrob- 
orated his hypothesis by showing that the horizontal position im- 
mediately restored consciousness m humans who had famted and 
in dogs who had been bled in the “vertical feet down” position until 
syncope supervened 

Salath6 (22) m 1877 made the sigmficant observation that centnf- 
ugal force was just as effective in causmg the death of rabbits as the 
“vertical feet down” position 

The influence of gravity on the distribution of blood is well shown 
by the simple experiment of Stephens (23) in 1904 In 21 healthy 
male medical students, he not only found that the systohc pressure in 
the radial artenes invariably dropped on changing from the horizontal 
to the upright position but also observed that in the lateral position the 
radial artery pressure in the arm which was uppermost was always 
decidedly less 

In 1895 Leonard HiU (24) reported that m cats, dogs and monkeys 
m the “vertical feet down” position the pressures in the femoral artery 
and vein rose while the carotid artery and jugular vein pressures fell 
markedly The reverse effects were observed m the “vertical head 
down” position 

Through the open chest w'all of an animal in the “vertical feet 
down” position, he frequently'" observed complete emptying of the 
heart, particularly if the splanchmcs had been eliminated This was 
accompanied by a fall in intracramal pressure, a marked drop in 
systohc pressure in the carotid, and finally by the cessation of respira- 
tions and of the pulse and by the apparent death of the animal The 
heart continued to contract rhy'thmically “On turmng the animal to 
the horizontal position, the heart is seen to fill agam immediately 
The blood is actually shot out of the vena cava and from the veins of 
the splanchmc area into the heart ” 

Field and Bock (6) found that m 10 normal but non-athletic mdi'vid- 
uals “the average rate of blood flow (cardiac output) while sitting was 
76 per cent and while standing 50 per cent of the rate whde reclming 
Inasmuch as the pulse rate increased from an average of 63 penmnute 
in the reclimng position to 65 per minute in the sitting position and 90 
per minute m the standing position, the output per beat was tre- 
mendously dmumshed m the upnght posture 
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Turner (20), using the same method on women, and Lmdhard (25), 
Collett and Liljestrand (26) and Henderson and Haggard (27), usmg 
different methods, have reported findings which corroborate those of 
Field and Bock 

Although Salathfi (22) m 1877 showed that rabbits died m the course 
of 15 mmutes to 2 hours m the “vertical feet down” position, it re- 
mained for Churchill, Hunthal and Miller (28) to prove that this was 
due to a markedly diminished cardiac output 

In view of the blood flow work just reported it is easy to understand 
the marked drop in pulse pressure (6) (20) (29) and in the pressure in 
the pulmonary artery (28) that occur in the motionless upright posi- 
tion 

The tncrcase »« vciioiis and capillary pressures tn dependent parts of the 
body tn the standing still position 

Associated with the collection of blood in dependent parts of the 
body when standing still there occurs an mcrease m t enous pressure 
This IS obvious from the marked venous distension m the hand held 
down vertically or m the foot of a standmg mdividual compared with 
the virtual collapse of such veins when held at heart level The veins 
of the lower cstrcmities in a subject standmg still slowly become 
markedly engorged and the feet become cold and of a reddish blue 
color No suction is required to withdraw blood from such a foot 
vein the venous pressure squeezes the sjTmge piston out On the 
contrary great difficult) is experienced even m punctunng the same 
vem when the subject is in the horizontal position, and, m many m- 
stances, once the vem is punctured the blood flows extremeh slowly 

A similar observation was made by Leonard Hill (24) He noted 
that while a marked mcrease m venous pressure m the femoral vem 
occurred in animals m the “vertical feet down” jxisition, the pressure 
became negative in the jugular xem and no blood would flow from a 
puncture hole The reverse was true in the “vertical head down” 
position 

Recklmghausen (16) found that when the arm of a woman was held 
down vertically, the pressure m a hand ^'em was 40 cm of water as 
compared wuth a pressure of 10 cm of water when the arm was held at 
heart level In a foot vem of the same woman the pressure was 62 
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an of water m the sitting position and 79 an of water in the standing 
position, pressures just about suffiaent to support columns of blood 
reaching to the symphysis and not to the heart Similar findings 
have been reported by Hooker (18) and by Carrier and Rehberg (17) 
The foot veins fill only slowly, however, in the erect posture and Reck- 
hnghausen states that he nnght perhaps have observed a further nse 
m venous pressure had he followed it over a long enough period He 
was mchned to attribute the relatively small change in foot venous 
pressure as compared with arm venous pressure to a marked inaease 
in vasomotor tone in the lower extremities in the erect posture causmg 
the blood to trickle through very slowly to the venous side 

Resultmg at least m part from the inaeased venous pressure m 
dependent parts of the body when a person stands stdl, there appears 
to be an inaease m capillary pressure Reckhnghausen (16) showed 
that the capillary pressure was much greater m the foot of a standmg 
woman and also m her hand when her arm was held down vertically 
than m the same parts of the body at heart level The inaease in 
capdlary pressure m the foot, however, while absolutely greater, was 
relatively less than m the arm Carrier and Rehberg (17), using a 
more accurate method, have shown that in the hand, the capiUary 
pressure varies with the venous pressure It is greatest when the 
hand is held down vertically and deaeases until a level is reached as 
the hand is raised above the heart 

The marked inaease m capiUary pressure m the lower extrermties 
of a person standing stiU, is obvious from a very simple experiment 
A small needle pnck which, m the skm of a foot of a person in the 
honzontal position, will occasion no bleedmg, in the standing still 
position will cause oozmg of blood for several minutes 

Effect of increased venous pressure on the composition of the blood 

Cohnheun (30) was one of the first to show that, as a result of ven- 
ous stasis due to apphcation of a tourmquet, a flmd poor m protein 
passes very freely out of the capiUanes mto the tissues and from there 
into the lymph stream so that the small vems and capillanes became 
distended with erythrocytes It has been shown that, under these 
circumstances, there is an inaease in hemoglobm concentration, red 
count, specific grawty and m the dry weight of whole venous blood in 
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the area distal to the tourniquet (31) (32) An increase in total plasma 
protein in the same area has been reported by several observers (4) 
(33) (34) (35) (36) 

Drury and Jones (37) have recently shown, by plcthysmographic 
studies, that edema is produced in the legs of healthy men as a result 
of raising the venous pressure by inflation of a blood pressure cuff 
The rate of formation of edema appeared to depend upon the height 
to which the venous pressure was raised Increase m volume due to 
increase m blood alone was allowed for 

It would seem mevitable that, when a person stands still, the capil- 
lary pressure should mcrease most m the lowermost parts of the body 
The artenal pressure while dropping m the brachials and carotids 
m animals m the “vertical feet down” position mcreases in the femorals, 
both changes bemg due to gravity Thus the capillary pressure in the 
legs IS probably augmented from both the artenal and venous sides 
(the venous pressure bemg, of course, the more important) and the 
conditions favor the squeezing out of fluid from the plasma mto the 
tissues 

From our observations, it is obvious that the flmd lost from plasma 
m the standmg still position remains somewhere withm the body 
From the considerations just presented of the physical conditions 
mvolved, it would appear probable that most of it is collected as lymph 
in the lower extremities This assumption is supported by the obser- 
vation of Field and Bock (6) “We have noted that while a subject 
was standmg durmg an experiment the calves of his legs became in- 
durated and brawny and mereased m circumference 1 ^ cm ” It is also 
upheld by the work of hlosso (38) Using a dehcate balance board, he 
found that when a subject assumed the horizontal position after 
standmg for some time, the weight of the feet end of the board only 
very slowly decreased, m spite of the fact that presumably the excess 
blood leaves the lower extremities almost immediately 

Cardiac edema and the reduction in plasma water 

The diminished amount of unne passed by a normal man m the 
standmg still position as compared with the horizontal position (39) 
may perhaps be related to the relative anuna of the day and the 
polyuna of the mght noted in cardiac decompensation The coUcc- 
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tion of ankle edema dnrmg the day and its disappearance dunng the 
mght’s rest m bed m the early stages of cardiac edema, may well be 
a related phenomenon Cardiac decompensation is a condition in 
which numerous observers agree that there is a well marked increase 
m venous pressure (40) which subsides under treatment A markedly 
reduced cardiac output has been shown by Meakins, Dautrebande 
and Fetter (41) to occur in mitral stenosis This is probably the case 
in all decompensated cardiac patients Thus, m contrast to condi- 
tions in normal man m the recumbent position, both normal man m 
the standing still position and the patient with cardiac edema in the 
recumbent position, appear to show dimmished blood flow and in- 
creased venous pressure In the one case, the increased venous pres- 
sure IS due to venous congestion caused by gravity and, in the other, 
to venous congestion caused by a faflmg heart 

One of us has observed that m well marked cardiac edema there is 
an increase m plasma volume (42) and m this condition many workers 
have noted a decrease in concentration of plasma protein The facts 
just presented, however, suggest that in the early stages of cardiac 
decompensation, when edema is present only in the ankles, a decrease 
in plasma water may occur 

Evolutionary significance of circulatory changes in the standing still 

position 

The general nature of the response of the circulation to the motion- 
less upnght jxisition appears to be the same in aU mammals , but the 
degree of response seems to vary according to the habitual position of 
the animal Those animals in which the trunk is normally supported 
horizontally appear to show a much poorer adaptation to the ‘Verti- 
cal feet down” position than those in which the trunk is normally 
supported vertically Thus Hill (24) foimd that in monkeys on 
changing from the horizontal to the “vertical feet down” position, the 
systohc pressure m the carotid artery fell much less than in cats, 
dogs and rabbits He made the deduction that adaptation to the 
upnght position was probably most complete in man 

Our observations and those of others clearly indicate, however, 
that even man’s adaptation to this position is not complete and the 
mamtenance of the standing still position for more than a few mmutes 
is extremely difficult 
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The mcchamsm for adjustment to the standmg still position 
appears to be an mcrease in vasoconstrictor tone in the dependent 
portions of the body (16) (24) This greatly dmumshes the rate 
of blood flow to the venous side as manifested m our experiments 
by the slowness of the mcrease in dye concentration m foot veins 
Floodmg of the capillary reservoirs m the splanchnic area and lower 
extremities is thus prevented Such a compensatory mechanism is 
only partially effective, honever, for once the blood does succeed 
m gettmg through to the veins, it has diiSculty in returning to the 
heart as manifested by the marked venous and capillary engorge- 
ment In this way a viaous cycle is created The blood flow is 
slowed not onlj as a result of the difliculty m retummg blood to the 
heart but also by the compensatory mechanism itself 

Although the adjustment to the erect posture is very madequate 
for standmg still, it appears adequate for activity In the move- 
ments of the daily routme, muscular contractions are constantly 
forcmg blood back towards the heart The mtrapelvic rectal pres- 
sure, normally about IS to 25 mm Hg, may nse on very shght 
exertion, such as an arm or leg movement to 80 or 100 mm Hg 
and, if the movement is sudden, it may nse to 150 mm Hg (43) 
Shght leg movements may even force the blood from the feet mto the 
chest, and thus prevent the ill effects of the motionless upnght posi- 
tion Under certam conditions, however, the compensatory mecha- 
nism may prove inadequate even dunng activity Thus patients 
often faint when they first get out of bed after a long illness This 
temporary loss of vasoconstnctor tone in the splanchmc area may 
represent a transient reversion (from disuse) to a more primitive state 

SUMMARY AND CONCLUSIONS 

In the standing still position there occurs a net loss of approximately 
protein free fluid from the blood This seems to be due chiefly to an 
increase in capillary pressure The loss amounts on the average to 
about 11 per cent of the total plasma volume, and is probably greatest 
where the filtration pressure is most increased, namelj , in the lower 
extremities 

The maximum fluid loss, which occurs in the standmg still position 
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in from 20 to 30 minutes, is made up m about the same time in the 
recumbent position 

Obsen'-ations on the mixmg time of a plasma volume dye show a 
marked prolongation of the time required for the concentration to 
become uniform m the blood all over the body in the standing still 
position The same data suggest that the slowing of the circulation 
m the lower extremities in the standmg still position is greater than 
that m other parts of the body 

The findings recorded show the importance of a rest period m the 
horizontal position for making blood volume and other comparative 
blood studies 
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THE EFFECT OF POSTURE UPON THE VELOCITY OF 
BLOOD FLOW IN MAN 


_J3v ■miXARD O^'EN THOMPSON > JOSEPH II ALPER, jcid 
PHEBE K. THOMPSON’ 

{From the Metabolism Laboratory of the Mossaebusetts General UospttaT) 
(Received for publication Februarj 20 1928) 

INTRODtrCnON 

We (1) (2) have observed that a much longer time elapses m the 
standing still position than m the recumbent position before an mtra- 
venously mjected dye attains a umform concentration m the blood 
throughout the body Measurements of the veloaty of blood flow m 
different positions of the body have now been made b> a dje method 

METHOD 

The eiqpenments were done in either the morning or early after- 
noon, with the subjects fasting All experiments were preceded by a 
rest period of at least 30 mmutes m the horizontal position Wlien in 
the upnght-position the subjects stood with them feet about 6 inches 
apart and remained as motionless as possible About 2 5 to 3 0 cc. 
of a 4 to 5 per cent solution of bnlhant vital red was qmclly injected 
mto a cubital vem or into a foot vem (usually the mtemal saphenous 
just below the mtemal malleolus) This amount of dye produced a 
well marked colonng of the serum and its injection rarely required 
more than 5 seconds In the standing still position, the arm was 
held horizontally when dye was injected and down by the side when 
blood was collected 

In order to detemnne the time of the appearance of dje m the 
venous blood of any part of the bod> , venous blood from that part 
was collected in small test tubes which were changed at 15 second 
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intervals, starting from the time of the beginmng of the mjection 
The blood thus collected was allowed to clot m an ice chest and was 
then centnfuged The presence of dye was detected by" the color of 
the serum 

The arm to arm arculation time for the recumbent position found 
by this method is longer than that reported by Blumgart and his co- 
workers (3) This difference can probably be accounted for by the 
fact that m Blumgart’s method (4) 

1 The injection tune is shorter 

2 The distance travelled is shorter (vein to artery mstead of vein 
to vein) 

3 The recording apparatus is sensitive enough to detect the first 
particle of radium C that arrives within its field, whereas in our method 
a small amount of dye probably appears m the blood a few seconds 
before its concentration becomes great enough to cause a perceptible 
colonng of the serum 

The method we have used is, of course, a rough one but is accurate 
enough to show marked changes 

EXPERIMENTAL RESULTS 

The data are summarized in table 1 They show two significant 
thmgs 

1 A much longer tune is required for the dye to travel from a foot 
vein to an arm vein or the reverse m the standing still position than 
in the recumbent position 

2 The apphcation of a tourmquet to a lower extremity so as to 
produce a moderate increase in venous pressure, when the subject is 
m the recumbent position, appears to be just as effective as the stand- 
ing still position in prolonging the appearance time of the dye 

WTien the subject is in the standmg still position, the dye seems to 
take a longer time to go from an arm vem to a foot vein than in the 
reverse direction Thus in cases 1, 3 and 4, more than 120 seconds 
elapsed in each instance before dye injected into an arm vein appeared 
in a foot vein (i e , at least twice as long as m the recumbent position, 
and probably longer) In cases 1 and 3, on the contrary, 85 to 100 
and 75 to 90 seconds respectively elapsed before dye mjected into a 
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foot vein appeared m an arm vein (i e , at least Ij times as long as 
m the recumbent position) This result, if corroborated by further 
experiments, is difficult to explain satisfactorily at present 
Observations by several workers (5), (6), (7), (8), (9), have shown 
that, m the standing still position, blood circulates with difficulty and 
collects m dependent portions of the body, owing to the effect of 
gravit} Our findings are in harmony with these observations 

CONCLUSION 

A much longer time is required for blood to move from an arm vein 
to a foot vem or the reverse when an individual is m the standing still 
position than when he is in the recumbent position 
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THE CHLORIDE, BASE AND OTTROGEN CONTENT OF 
GASTRIC JUICE AFTER ffiSTAAHNE STBIULATION 

By W SCOTT POLLAND A. M ROBERTS and ARTHUR L. BLOOIIFIELD 
{From the Dtparlmenl of llediam Stanford Unhernty hfedicaJ School, San Franciico) 
(Received for publication February 27, 1928) 

In previous papers (1) the inadequacy of the usual test meal methods 
of studying gastnc function has been discussed It was pointed out 
espeaally that aad titration values obtained from specimens aspirated 
from the stomach after a test meal varied with an unknown factor — 
namely, the speed of gastnc emptying, and that in certam cases 
apparent absence of hydrochlonc aad was due simply to neutraliza- 
tion by stomach contents A procedure which obviated many of the 
vanables of the older tests was mtroduced (2), but m order to obtain 
a stfll more accurate insight mto the mechamsm of gastnc secretion 
further analysis of the constituents of the stomach juice seemed 
necessary The object of the present work was to estimate, after a 
standard stimulus, the quantities of chlonde, mtrogen and base 
which were secreted and to detenmne what, if any, aberrahons from 
the normal occurred in cases of gastnc disorder In view of the 
observations of Bulger and Allen (3) presently to be discussed, it 
seemed of importance to find out whether defiaency of titratable 
aadity was due to an actual fadure of chlonde secretion or whether 
the mechanism for produang a relative defiaency of base was at fault 
We also wished to determme whether any relation exists between the 
total amount of mtrogen in the gastnc juice in health and m disease 
of the stomach and whether stimuh which affect aad secretion also 
influence the output of mtrogen 

The present report deals pnmanly with methods and with the 
findings in a miscellaneous group of hospital patients, speaal condi- 
tions such as “anaadity” will be discussed in future papers 

UTERATURE 

Only a few thorough analyses of human gastnc juice arc to be found 
in the literature, probablj because of the difficult) of obtaimng satis- 
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factory matenal Carlson (4), working with people with gastric 
fistulae, sets down the following figures for the average composition 
of normal human stomach juice 

Free aad 0 40 -0 50 per cent 

Total acid 0 45 -0 60 per cent 

Speafic gravity 1 006-1 009 

Total rutrogen 0 051-0 075 per cent 

Chlondes 0 50 -0 58 per cent 

These figures are in essential agreement with those of other observers 
Baird, Campbell and Hem (5), and MiUer and Smith (6) following 
Bolton and Goodhart (7) have studied the chlonde content of speci- 
mens withdrawn after the fractional gruel meal used in chmcal prac- 
tice The curve of chlonde concentration as a rule follows that of the 
titratable aad at first but may contmue to nse after the aad falls 
This discrepancy has been mterpreted as due to neutralization of acid 
by duodenal regurgitation or by alkahne pylonc secretion As the 
analyses were not made with pure juice they are subject to all the 
errors which dilution by test meal mtroduces (1) This difficulty is 
avoided in the more recent observations of Berglund, Wahlquist and 
Sherwood (8) who examined the pure gastnc juice obtained at intervals 
after histamine stimulation They found a dose correspondence 
between the curves of titratable HCl and chlonde concentration and 
concluded that normal stomach jmce contams only insigmficant 
amounts of chlorme, if any, in other forms than hydrochlonc acid 
They also found an almost complete correlation between the highest 
chlonne figure of the gastnc juice and the total base of the blood 
plasma 

Bulger and Allen (3) beheve that chlondes are continuously secreted 
into the stomach at an approximately constant level and that increase 
in titratable aadity after stimulation is due to retention or resorbtion 
of base This suggestion offers a further explanation for disaepanaes 
in curves of free aad and total chlondes As to actual determinations 
of base Gamble and Mclver (9), workmg with gastnc jmce obtained 
from dogs with isolated gastnc pouches, found that while the fasting 
juice showed an average ratio of aad (chlonde) to base of 157 to 110, 
after a meal there was httle if any mcrease m chlonde, whereas there 
was a marked fall in base, the ratio then being 164 to 30 Matenal 
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obtained from an isolated pyloncpoucb yielded thick viscous matenal 
with a pH of 8 4 This secretion contamed chlonde m about the same 
proportion as the fundus jmce and owed its alLalimty to a much 
larger content of fixed base 

We have found no references to determinations of mtrogen under 
conditions similar to those under which our observations were made 

The volume of gastnc secretion has recently been discussed by 
Bloomfield and Keefer (10) With regard to titratable aadity, the 
wide variations to be found m health and in disease are well known 
(11) Suffice it to say that no observations are on record in which the 
aadity of the gastric juice far exceeds the eqmvalent value of the 
plasma base — approximately ISO to 165 n/10 pier 100 cc 

METHODS 

In planning the present eipenments, any procedure in which a meal was to 
serve as stimulus lor secretion seemed unsatisfactory One immediately mtro- 
duces the complication of dilution of gastnc juice by test meal, and results which 
express the composition of pure gastnc secretion cannot be readily obtained 
The foUowmg procedure was finally adopted The subject fasted for at least 
twelve hours and was eiammed in bed under standard basal conditions A 
duodenal tube was passed for a distance sufficient to allow its tip to reach the 
most deiiendent part of the stomach The patient was urged not to swallow 
saliva and this point was carefully emphasiied throughout the teat As soon 
as the tube was in place the fasUng contents were withdrawn with a syringe 
Continuous aspiration was then begun and the subsequent gastric secretions 
were collected over ten minute periods The technique of such aspiration re- 
quires a great deal of practice if one is to approiimnte complete collections end 
avoid trauma to the stomach One eventually develops a tactile sense which 
recognizes the voiymg phases of tone and relaxation which the fastmg stomach 
exhibits (12) At best, collections made in this way are not invariably com 
plete smce fluid may pass out of the stomach while aspiration is being made. 
In the subsequent figures this reservation is imphed, although the volumes are 
set down as total secretion for the vanous periods It should also be remembered 
that we were worhmg with a composite and possibly variable gastnc secretion 
m so far as it was a mixture of juice from both fundus and pylorus Another 
possible error is introduced b\ the presence of saliva or duodenal contents in the 
stomach at the beginning of the test, or by their entry mto the stomach during 
the examination In spite of this possibility it was deaded not to las age the 
stomach smce this procedure in itself stimulates secretion and one cannot be sure 
of removmg all the wash water Bile was carefully looked for, and whenever it 
appeared we assumed that duodenal regurgitation had taken place After the 
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fasting secretion had been collected over one or more ten-minute penods, hista- 
mine, 0 1 mgm per 10 kilos of body weight, was injected hjpodermicallv to 
stimulate secretion The aspiration was contmued for as many more periods as 
convenient Regurgitation of duodenal contents (bile) led to premature termma- 
tion of the experiment m certam cases 

The following observations were made on the various ten-minute speamcns 
(1) Volume, (2) Appearance, (3) Titratable acidity, (4) Concentration of chlonne, 
(5) Concentration of nitrogen, (6) Concentration of base Nitrogen was deter- 
mmed by Kjeldahl, chlonne by Van Slyke’s method (13), and base by the method 
of Stadie and Ross (14) AH tests were run m duphcate except in a few' m- 
stances m which the amount of matenal was msuflaaent Checks against solu- 
tions of known composition were run from time to tune As only mmute amounts 
of phosphate are present m gastric juice (15) Stadie and Ross' method seemed 
suitable 


MATERIAL 

Our observations are based on a study of twenty-two subjects 
They were all ward patients and for the most part presented no 
evidence of organic disease of the stomach, although several ulcer 
cases were mcluded The chmcal diagnoses are given in table 1 
Volume, titratable acidity and chlonde determination were made 
m every case, mtrogen determinations m rune cases and base 
determinations m mne cases Table 2 shows a complete protocol of a 
smgle examination to illustrate the procedure, but most of the results 
are summarized m the foUovnng charts 

RESULTS 

V olnme of secretion The total volumes of secretion per ten-mmute 
penod, in each case, before and after histamine are shown m chart 1 
The figures are similar to those reported by others (16), but several 
points deserve comment One is immediately impressed by the great 
differences in the volume of juice in different people even though the 
obsen'ations are made under standard conditions, the general 
character of the curves is, however, similar In every case but one 
(no 21) there was an increase durmg the first penod after histamine 
and the output reached its maximum within twenty to thirty minutes 
This tendency is well shovm in the composite cun'e (broken fine) 
After thirty min utes there was usually a rapid decrease in volume 
which at fiftj’’ to sixty minutes had fallen approximately to the pre- 
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histamine level The fact that the volumes of the speamcns collected 
before histamme usually decreased requires explanation It seems 
certam that the passage of the tube itseK acts as a transient stimulus, 
as this influence subsides the volumes decrease to a “basal level ” 
Also, the first or second ten minute coUechon may be increased by 
residues of juice which were not entirely removed when the fastmg 
contents were withdrawn 


TABLE I 

Qlinical diagnoses in cases xphicM were s/iidtai 


Ca*e Dtnaljer 

Sex 

Ap 

IH&fncaU 

1 

F 

31 

Gastric ulcer 

2 

I F 

41 

Migralue 

3 

F 

55 

Po5t-operatJ\*c myredema (mfld) 

4 

w 

60 

EImbr>t)nia of testicle 

q 

M 

73 

Chronic constipation 

7 

M 

58 

Severe anemia of long standing (not per 
nldous anemia) 

8 

11 

45 

PD’choneurosIs 

9 

M 

55 

Gastric ulcer 

11 

M 

32 

Constipation 

12 

M 

37 

Duodenal ulcer 

13 


30 

Duodenal ulcer 

14 

ir 

38 

Chronic artbnlis 

16 


23 

Gigantism (slight) 

17 

M 

42 

P>Ionc ulcer 

18 


42 

Psychoneurosis 

19 

M 

55 

Duodenal ulcer 

20 


35 ! 

Duodenal ulcer 

21 

M 

24 

Psycho neurosJi 

22 

11 

40 

P^honeurosii 

24 


29 

Hypcrlh>Toidlsm (mild) 

25 

M 

S3 

AmoeWe d>'sentery nnacti\x) 

27 

M 

65 

Cancer of rectum 


In a previous study (10), with alcohol as a stimulus, it was found 
that the ten-mmute secretory volumes usually reached a maximum of 
not over 40 cc and practically ne\ cr exceeded 60 cc It is of interest 
that even when one uses so powerful a stimulus as histamine a similar 
maximum seems to obtain It appears also, that while the absolute 
mcrease in volume is not constantly related to the abundance of 









TABLE 2 

Complete protocol of a hptcal experiment (case 20) 


Number of specimen 

Time 

Amount 

Character 

Titrat 
able aad 

Chlonde 

Base 

Nitrogen 

CJ 

a 

a 

ti 

o 

o 

s. 

E 

s 

Total for period, 
mgm 

MEq/1 

Concentration, 

MEq/1 

Total for period, 
MEq/1 

Mgm. per 100 cc. 

Total for period 


p m 

cc 









■ 

II^QI 

1 

[■i!? 


Fasting contents Water 

64 

72 

465 


131 0 

65 5 


66 C 





dear — small amount of 













mucus 










2 

m 

IB 

Fasting contents Water 

82 

92 

468 

140 4 

132 0 

62 5 

1 96 

60 C 

18 1 




dear — small amount of 













mucus 










3 


24 

Fasting contents Water 

100 

112 

494 

118 5 

139 0 

? 

? 

63 0 

IS 1 


1 20 


dear — small amount of 













mucus 













Histamine, 0 9 mgm 










4 

1 20 

32 

Water dear — some small 

112 

118 

533 

170 3 

150 a 

43 1 

1 379 

55 5 

17 7 


1 30 


bits of mucus 










5 

1 30 

44 

Water dear — some small 

112 

120 

553 

243 0 

156 0 

38 5 

1 694 

39 0 

17 1 


1 40 


bits of mucus 










6 

1 40 

48 

Water dear — some small 

116 

124 

559 

268 0 

157 5 

45 6 

2 188 

36 6 

17 5 


1 SO 


bits of mucus 










7 

1 50 


Water clear — some small 

117 

124 

560 

224 0 

158 0 

42 6 

1 704 

33 0 

13 2 




bits of mucus 










s 

2 00 

39 

Water clear — some small 

120 

126 

562 

219 0 

158 

38 7 

1 499 

31 5 

12 2 


2 10 


bits of mucus 










9 

2 10 

39 

Water dear — some small 

116 

120 

557 

218 0 

157 0 

40 9 

1 595. 

56 0 

14 0 


2 20 


bits of mucus 










10 

2 20 


Bfle 











2 30 
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secretion before histamine stimulation, greater relative increases 
follow in cases inth an initial low volume Thus, m case 9, there was 
an increase from 31 to 60 cc , the volume bemg practically doubled by 
an absolute mcrease of 29 cc , in case 5, on the other hand, there was 
an increase of 19 cc to a maximum of six times the volume (4 cc ) 
which was secreted in the penod before stimulation 



Ceakt 1 Curves SnomNO Volume of Secretion eoe Ten Minute Periods 
Before and Atter Injection of Histuune 


Chlorides 

Concculratwn of chlorides Chart 2 shows the concentration of 
chlorides in the vanous ten minute specimens from 15 cases The 
general character of the curves is quite similar, beginmng at a rela 
tivelj low level there is a prompt rise which reaches its maximum in 
about twent} mmutes From this pomt on, the concentration 
remains practically constant (sec composite curve — broken line) 
Later there is a tendencj’ for the concentration to fall slightly The 
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Cn^vRT 2 CntoRiDE Concentration (iigm per 100 cc ) of Gastric Juice at Ten-Minute Intervai^ Before 

AND After Histamine 
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contrast, however, between the abrupt drop in volume of secretion 
and the sustained level of chlorides is well shown m chart 3, m which 
the composite graphs of charts 1 and 2 are compared The opmion 
has been expressed by Bulger and Allen (3) that the stomach secretes 
chloride at aU times m practically constant concentration This view 
would not seem to be supported by the mitial phases of our curves 
which show a steep nse It must be recalled, however, that we were 
deahng with mixed gastnc jmce Before histamme stimulation the 
volume of gastnc contents was usually small and there may have been 



CnAai 3 Composite Curves of Volume of Secretion and Conijentration 
OF Chloride in Ten Minute Specimens of Gastric Juice 


relatively large amounts of secretion from the non aad producing 
glands of the stomach as well as remnants of sahva, which diluted the 
chlondes In case 27, for example, the speaman obtained before 
histamme had a chlonde concentration of only 220 mgm , there were, 
however, only a few cubic centunetcrs of juice which consisted largely 
of mucus Certain it is that even after the XTilume of secretion falls 
markedly the chlondes remam high (compare curves of case 24 m 
charts 1 and 2), and even when the secretion is still more reduced by 
atropin there is onlj a moderate fall m chlondes which agam can be 
well explained by ddution with non-aad secretion The observations 


THB jouMii or a-cncti. nmancuTio’t tou t xo I 
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witli atropm will be reported m another paper On the other hand, 
vanations in height of chlonde concentration in different people 
clearly represent individual differences No evidence to the contrary 
could be obtained from a study of other constituents of the gastnc 
]uice (nitrogen, base) Whether or not chlonde always leaves the 
individual secreting cell at a constant concentration cannot be said. 



Chaet 4 Relation Between Concentration of Chloride and Volume of 
Secretion of Gastric Juice 

but m the jmce, as poured mto the stomach cavity, the differences in 
vanous people are beyond question 

In most cases a value of over 525 mgm per 100 cc was attamed, the 
extremes bemg 435 mgm (case 4) and 608 mgm (case 18) As 
pomted out by Berglund the highest chlonde figure approximated the 
total base of the blood plasma to which normal limits of 150 to 165 




Cham 5 Cotives of Chioeide Concenteaiion DniECTL\ Deteeiuned and 
Calcdiated fkom Titkatable Free Acid 

Chart 4 shows the highest chloride concentration in various cases 
plotted against the volume of secretion for the corresponding period 
No sigmficant correlation can be made out, and it is evident that a 
large secretion imphes neither high nor low chlonde \alues except m a 
very general way 
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A study was next made of the relation of chloride to titrafable 
acidity ’ Much stress has been placed on this question and the 
general imphcation of the hterature (5, 6, 7) is that titratable acidity 
gives no accurate picture of acid secreting abihty of the stomach 
because of neutralization of chlonde by alkahne duodenal contents 
In the present experiments which lasted approximately one hour, 
there was no evidence of duodenal regurgitation insofar as presence of 
bile is an mdication, and furthermore, we were workmg with pure 
gastnc jmce uncontammated by test-meal or sahva Under these 
conditions we foimd, as did Berglund et al (8), that the curves of 
titratable aadity and total chlonde were practically parallel Chart 
5 shows the results in three patients The upper hne m each case 
gives the total chlonde, the lower the titratable acidity calculated as 
chlonde Chart 6 serves a similar purpose Each dot of the lower 
set mdicates the highest titratable chlonde m a different case Two 
instances of anacidity are mcluded for companson The upper hne 
gives the total chlonde (concentration) m the corresponding cases 
The total chlonde exceeds the titratable by a fairly uniform amount 
regardless of whether the titratable acidity is high or low In the 
first four cases, with httle or no titratable acidity, the difference vanes 
from 236 to 345 mgm , m the remainder the difference vaned between 
97 and 196 mgm In other words, imder the conditions of these 
experiments the titratable aadity is a fairly accurate measure of the 
chlonde secretmg capaaty of the stomach and gives a genume indica- 
tion as to whether the latter is high or low We emphasize this pomt 
because of the stress which has recently been placed on the necessity 
of actually deter minin g chlondes The difference between total 
chlonde and titratable chlonde, of course, represents chlonde in 
combmation That base as determmed largely accounts for this 
difference wiH be shown later 

Total chlonde The concentration of chlonde m the stomach juice 
gives only an mcomplete picture of chlonde secretion Chart 7 shows 
the total output per ten-minute penod The great differences in 
different subjects are to be noted as weU as the general similanty of 
form of the total chlonde and volume curves (see chart 3) Chart 8 

' Throughout this paper titratable aadity refers to the number of cc of n/ 10 
NaOH necessaiy' to neutralize 100 cc of gastnc juice with di-methyl as mdicator 
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expresses some other relations of chloride secretion Each dot m 
the lower line mdicates the highest total output of chlondes per ten- 
mmute penod in a different case The upper hne gives the concentra- 



Chart 6 Cdlokide (mou pee iOO cc ) Caiculated feou Highest Titeat- 
ABiE Acinm IN Eacs Case (Lower Line) and Cbeoeide as Actoaelv 
Deteeioned ev Analysis in Same Specimens (Upper Line) 

tion of chlonde m the same specimens When the total output is 
extremely low the concentration is also low but m the majonty of 
cases there is no correlation between the two values This chart 
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expresses m another way the essential facts brought out in chart 4 
In bnef, at a given concentration much or httle chlonde may be 
secreted 



Chart 7 Curves Shovhng Quantity (iigh ) or Chlortoe Secreted in 
Ten-I^Iinute Periods Before and After Histamine 

Base 

The question of concentration of base may next be considered, 
and the figures for the vanous ten-mmute specimens are presented in 



W S POLLAND, A M ROBERTS AITO A 1 BLOOUFIELD 625 


chart 9 The values in different cases are of the same general order 
of magmtude The most striking pomt is that while base is relatively 
high before stimulation, it thereupon falls promptly and reaches a low 



CnAEi 8 Total Output of Chloride (mom ) per Ten Minute Period in 
Each Case (Loin’er Line), Concentration of Chloride (mom per 100 
cc ) in Same Specimens (Upper Line) 

point after about thirty mmutes This is well shown in the composite 
curve (broken hne) In some cases (numbers 27, 22, 25) there was a 
rise toward the end of the expenment 
It seemed possible that the fall m base was due simply to dilution by 
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line, chart 11) falls with fall m volume of juice without any corre- 
sponding rise m concentration within the limits of time of the present 
experiments The concentration may rise later when the effects of 
stimulation have entirely passed and the volume of secretion is 
reduced to a minimum 



CmEq ) Concentration of Base (mEq per Liter) Concentration of 
Nitrogen and Totae Nitrogen in Ten Mutote Periods Before and 
After Histaione 

Calculations were next made to find out to what extent the dis- 
crepancy between titratable and total chlonde could be accounted 
for by base The sohd lines m chart 12 represent a composite calcula- 
tion for the SIX cases shown in chart 9 The figures for the calculated 
acidity were reached bj subtracting from the milhcquu alents of 
chlonde the miUiequu alents of base for the correspondmg pcnods 
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increased secretion That this explanation is untenable is indicated 
by chart 10, in which the concentration of base (composite) m the six 
cases of chart 9, is shown together with a composite volume curve from 
the same cases At first glance these curves seem to be the reverse 
of each other but further inspection shows that dunng the overlappmg 
portion of their course both are falhng In bnef, the concentration of 
base fell not only when volume of secretion was increasmg but also 



Chart 9 Concentration of Base (mEq per Liter) of Gastric Juice 
AT Ten-]Minute Intervals Before and After Histaiune 


when it was decreasmg This rules out a mere dilution effect as do the 
observ’'ations depicted m chart 11, which shows the total quantity of 
base put out per ten-mmute penod Here one sees that while the 
concentration /a/A the output 'increases after stimulation and that the 
total amounts vary considerably m different cases They parallel 
qmte closel}' the volume of secretion as may be seen by further refer- 
ence to chart 10 It is clear, therefore, that the secretion of base is 
activel}^ affected by histamine stimulation The total output (broken 
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line, chart 11) falls with fall in volume of jmce without any corre- 
spondmg nse in concentration within the limits of tune of the present 
experiments The concentration may nse later when the effects of 
stimulation have entuely passed and the volume of secretion is 
reduced to a minimum 



Chart 10 Composite Graph of Volhue of Secretion (cc.), Total Base 
C mEq ) Concentration of Base (mEq per Liter) Concentration of 
Nitrogen and Total Nitrogen in Ten Minute Periods Before and 
After Histamine 

Calculations were next made to find out to what extent the dis- 
crepancy between titratable and total chlonde could be accounted 
for by base The solid lines m chart 12 represent a composite calcula- 
tion for the SIX cases shown in chart 9 The figures for the calculated 
acidity were reached by subtracting from the millicquivalcnts of 
chlonde the miUiequivalcnts of base for the correspondmg penods 
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The “actual” acidity is that determined by titration with n/ 10 NaOH 
against dimethyl When secretion is under way the calculated figures 
are umfonnly higher than the “actual” and it is evident that the 
difierence between titratable acid and total chloride is not completely 
accounted for by base, although the discrepancy is not large The 
broken hnes in chart 12 show the findings in a smgle representative 


X 



Chart 11 Cur%'es of Total Base (mEq ) Secreted in Each Case in Ten- 

Minute Periods 


case The fact that actual is above calculated acid in the first part of 
the curve in chart 12 is due to the absence in some cases of titratable 
acid with dimethyl before stimulation, as there is no figure to express 
value less than zero an artefact is mtroduced The shght discrepancy 
between the calculated and actual acidity must be due to some buffer 
substance, possibly protem This point toU be discussed below 
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Charts 13 A and B show the course of events as regards concentration 
The separation of the curves after stimulation, omng to nse m chloride 
and drop in base, is obvious The crossmg of the hues in case twenty- 
seven indicates that the specimens were actually alkahne before secre- 
tion became marked The numbers on the aad hne refer to the titrat- 



Chaet 12 Graphs Showing Gastric AcintTY as Deteruinzd by Direct 
Titration op Juice (Free HCl) and Actoitv of Same Specoiene Caxcu- 
EATED BY SUBTRACTINO BaSE PROU ChLORIDE CONCENTRATION DeTER 
inNED UPON Same Specmenb 

Shows curves from a single case (no 22) and composite curves of six cases 

able aadity at vanous points Their failure to correspond exactly 
with the difference between aad and base is discussed m the paragraph 
above Charts 14 A and B show the total quantities of aad and base 
secreted m ten-mmute penods In contrast to the precedmg curves 
the total quantity of base increases even though the concentration 




CiL^RT 13, A CavRT 13, B 

Charts 13, A ^vnd B Simultaneous Curves of Concentration of Chloride and of Base at Ten-Minute Intervals Before and 

After HistjVmine in Relation to Titratable Acidity (Free HCl) 




Case. 
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STIMULATION 
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{alls The volume of secretion and titratable free HQ are also 
indicated above the chlonde hnc The importance of taking volume 
of secretion mto account is clearly brought out In case 24, for 
example, dunng the forty to fifty-mmute penod the excess of chlonde 
over base is much less than dunng the precedmg penod In spite of 
this the titratable aadity is shghtlj higher This is clearlj explained 
by the fall m volume of secretion from 34 to 16 cc. 



CnART 16 RniAnoK or Coscentration or Nitrogei. to Concenteahon 
OF Chloride in Various Spechienb 


Concentration of nitrogen Chart IS shoivs the figures for concentra- 
tion of mtrogen in eight cases, and the composite curve (broken hne) 
mdicates the general trend of events, there is a distinct fall after 
stimulation, followed by a sustained low level, and after an hour, a 
rise The same reasomng as in the case of base was apphed to show 
that these vanations in nitrogen were not due simply to ddution 
Chart 16 gives mtrogen values plotted against the chloride conccntra- 
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tion of the same specimens A definite inverse relation is evident 
Furthermore, as in the case of base, the total amounts of mtrogen 



Chart 17 Cunras Showing Total Nitrogen (mgm ) or Gastric Juice for 
Ten'-jMinote Periods Before and After Histamine 

secreted over ten-mmute penods m general mcreasc after stimulation 
fsee chart 17) Bnefly, all the cur\’’es of nitrogen and base are stnk- 
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ingly similar (see chart 10) This fact seems of importance in so far 
as such a close relationship suggests a possible assoaation between 
the secretory mechanisms for the two The actual values of mtrogen 
concentration may be compared with those of the blood and are found 
to be much smaUer Urea mtrogen was estimated m one case (number 
16) and represented approximately one-tenth of the total mtrogen 

DISCUSSION 

On the basis of the above facts one may now discuss the sequence 
of events m gastric secretion The fasting stomach, in the case of our 
subjects, under basal conditions, secreted a relatively small amount of 
juice with low chlonde and high base and mtrogen content. After 
histamine stimulation there was an mcrease in the volume of secretion 
with mcrease m concentration of chlonde and of total chlonde output, 
and with decrease m concentration of mtrogen and base but with 
increase of the total quantity of these substances The first evidence 
of cessation of secrebon was a fall m the volume of juice with drop m 
total output of all its elements, later the concentration of mtrogen 
and base rose and the concentration of chlondes in the mixed juice 
fell The importance of determining the total output of the vanons 
constituents should be speaally emphasized Unless total quantities 
are detenmned one can obtam no accurate idea of the rate of secretion 
which IS the truest index of gastnc function, the concentration of 
chlonde, for example, may be the same m two people who, per umt 
of time secrete very different amounts of chlonde 

From the chnical standpoint one is interested m the vahdity of the 
titratable aadity as an mdex of aad secretmg cajmaty of the stomach 
Our observations mdicate that provided pure gastnc jmce (i e , jmce 
undiluted by test deal) is exanuned the titratable aadity at the height 
of secretion docs furmsh such an mdex masmuch as it falls short of the 
actual chlonde secretion by a relatively constant amount Chlonde 
concentration mdicatcs the highest potential aadity of the gastnc 
secretion, the actual free aadity depends upon the amount of base and 
other neutrahzing substance present Duodenal regurgitation appar- 
ently played no part m the present experiments 

We have studied our protocols to see if any hght could be thrown on 
the fundamental mechanism of gastnc seaetion No methods have as 
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yet been devised ■which make it possible to analyze the secretion of 
individual gastric cells or groups of cells, the contents of the tubules 
represent a composite secretion ■which may undergo various alterations 
before actual discharge mto the stomach An analysis of mixed gastnc 
jmce IS therefore at best far removed from the events which take place 
at secretmg cell surfaces Most students of gastnc physiology beheve 
that at least two types of cell — the peptic and the aad — have different 
secretory functions The sirmlanty between our curves for base and 
mtrogen suggest that these substances are perhaps put out by the same 
cells, whereas the acid may anse from others The relation of the 
curve of peptic actmty to the mtrogen curve is now being studied 
It may be, as many have suggested (18), that the acid cells secrete an 
unstable chlonde which is hydrolyzed with the hberation of HCl, the 
base bemg retamed or resorbed This process is obviously enhanced 
during active secretion Base and mtrogen may be secreted by differ- 
ent groups of cells Be this as it may, in actual fact there is, m our 
observations, a general relationship between the vanous elements of 
gastnc secretion which suggests that all of the cells give a coordinated 
response to histamine stimulation 

SUMMARY 

Curves are presented which show the course of gastnc secretion 
before and after histamine stimulation The volume of secretion, 
the concentration of chlonde, base and nitrogen and the total chlonde, 
base and mtrogen have been studied Increase in titratable acidity 
after stimulation results from greater increase m output of chlonde 
than of base Nitrogen secretion seems to parallel secretion of base 
and hence may be related to it, at any rate, mtrogen is actively secreted 
by the stomach 
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